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(57) The present invention relates to an oligonucle- 
otide having a novel structure and a method of synthe- 
sizing nucleic acid by using the same as a primer. This 
oligonucleotide is provided at the 5'-side of the primer 
with a nucleotide sequence substantially the same as a 
region synthesized with this primer as the origin of syn- 
thesis. The present invention realizes synthesis of 
nucleic acid based on an isothermal reaction with a sim- 
ple constitution of reagents. Further, the present inven- 
tion provides a method of synthesizing highly specific 
nucleic acid on the basis of this method of synthesizing 
nucleic acid. 
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Description 

Technical Field 

5 [0001] The present invention relates to a method of synthesizing nucleic acid composed of a specific nucleotide 
sequence, which is useful as a method of amplifying nucleic acid. 

Background Art 

10 [0002] An analysis method based on complementarity of a nucleic acid nucleotide sequence can analyze genetic 
traits directly. Accordingly, this analysis is a very powerful means for identification of genetic diseases, canceration, 
microorganisms etc. Further, a gene itself is the object of detection, and thus time-consuming and cumbersome proce- 
dures such as in culture can be omitted in some cases. 

[0003] Nevertheless, the detection of a target gene present in a very small amount in a sample is not easy in gen- 

15 eral so that amplification of a target gene itself or its detection signal is necessary. As a method of amplifying a target 
gene, the PCR (polymerase chain reaction) method is known (Science, 230 . 1350-1354, 1985). Currently, the PCR 
method is the most popular method as a technique of amplifying nucleic acid in vitro . This method was established 
firmly as an excellent detection method by virtue of high sensitivity based on the effect of exponential amplification. Fur- 
ther, since the amplification product can be recovered as DNA, this method is applied widely as an important tool sup- 

20 porting genetic engineering techniques such as gene cloning and structural determination. In the PCR method, 
however, there are the following noted problems: a special temperature controller is necessary for practice; the expo- 
nential progress of the amplification reaction causes a problem in quantification; and samples and reaction solutions 
are easily contaminated from the outside to permit nucleic acid mixed in error to function as a template. 
[0004] As genomic information is accumulated, analysis of single nucleotide polymorphism (SNPs) comes to attract 

25 attention. Detection of SNPs by means of PCR is feasible by designing a primer such that its nucleotide sequence con- 
tains SNPs. That is, whether a nucleotide sequence complementary to the primer is present or not can be inferred by 
determining whether a reaction product is present or not. However, once a complementary chain is synthesized in error 
in PCR by any chance, this product functions as a template in subsequent reaction, thus causing an erroneous result. 
In practice, it is said that strict control of PCR is difficult with the difference of only one base given at the terminal of the 

30 primer. Accordingly, it is necessary to improve specificity in order to apply PCR to detection of SNPs. 

[0005] On one hand, a method of synthesizing nucleic acid by a ligase is also practically used. The LCR method 
(ligase chain reaction, Laffler TG; Garrino JJ; Marshall RL; Ann. Biol. Clin. (Paris), 51:9, 821-6, 1993) is based on the 
reaction in which two adjacent probes are hybridized with a target sequence and ligated to each other by a ligase. The 
two probes could not be ligated in the absence of the target nucleotide sequence, and thus the presence of the ligated 

35 product is indicative of the target nucleotide sequence. Because the LCR method also requires control of temperature 
for separation of a complementary chain from a template, there arises the same problem as in the PCR method. For 
LCR, there is also a report on a method of improving specificity by adding the step of providing a gap between adjacent 
probes and filling the gap by a DNA polymerase. However, what can be expected in this modified method is specificity 
only, and there still remains a problem in that control of temperature is required. Furthermore, use of the additional 

40 enzyme leads to an increase in cost. 

[0006] A method called the SDA method (strand displacement amplification)[Proc. Natl. Acad. Sci. USA, 89, 392- 
396, 1992] [Nucleic Acid. Res., 20, 1691-1696, 1992] is also known as a method of amplifying DNA having a sequence 
complementary to a target sequence as a template. In the SDA method, a special DNA polymerase is used to synthe- 
size a complementary chain starting from a primer complementary to the 3'-side of a certain nucleotide sequence while 

45 displacing a double-stranded chain if any at the 5'-side of the sequence. In the present specification, the simple expres- 
sion "S'-side" or "3'-side" refers to that of a chain serving as a template. Because a double-stranded chain at the 5'-side 
is displaced by a newly synthesized complementary chain, this technique is called the SDA method. The temperature- 
changing step essential in the PCR method can be eliminated in the SDA method by previously inserting a restriction 
enzyme recognition sequence into an annealed sequence as a primer. That is, a nick generated by a restriction enzyme 

so gives a 3'-OH group acting as the origin of synthesis of complementary chain, and the previously synthesized comple- 
mentary chain is released as a single-stranded chain by strand displacement synthesis and then utilized again as a 
template for subsequent synthesis of complementary chain. In this manner, the complicated control of temperature 
essential in the PCR method is not required in the SDA method. 

[0007] In the SDA method, however, the restriction enzyme generating a nick should be used in addition to the 
55 strand displacement-type DNA polymerase. This requirement for the additional enzyme is a major cause for higher 
cost. Further, because the restriction enzyme is to be used not for cleavage of both double-stranded chains but for intro- 
duction of a nick (that is, cleavage of only one of the chains), a dNTP derivative such as a-thio dNTP should be used 
as a substrate for synthesis to render the other chain resistant to digestion with the enzyme. Accordingly, the amplif ica- 
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tion product by SDA has a different structure from that of natural nucleic acid, and there is a limit to cleavage with restric- 
tion enzymes or application of the amplification product to gene cloning. In this respect too, there is a major cause for 
higher cost. In addition, when the SDA method is applied to an unknown sequence, there is the possibility that the same 
nucleotide sequence as the restriction enzyme recognition sequence used for introducing a nick may be present in a 
5 region to be synthesized. In this case, it is possible that a complete complementary chain is prevented from being syn- 
thesized. 

[0008] NASBA (nucleic acid sequence-based amplification, also called the TMA/transcription mediated amplifica- 
tion method) is known as a method of amplifying nucleic acid wherein the complicated control of temperature is not nec- 
essary. NASBA is a reaction system wherein DNA is synthesized by DNA polymerase in the presence of target RNA as 

10 a template with a probe having a T7 promoter added thereto, and the product is formed with a second probe into a dou- 
ble-stranded chain, followed by transcription by T7 RNA polymerase with the formed double-stranded chain as a tem- 
plate to amplify a large amount of RNA (Nature, 350 . 91-92, 1991). NASBA requires some heatdenaturation steps until 
double-stranded DNA is completed, but the subsequent transcriptional reaction by T7 RNA polymerase proceeds under 
isothermal conditions. However, a combination of plural enzymes such as reverse transcriptase, RNase H, DNA 

is polymerase and T7 RNA polymerase is essential, and this is unfavorable for cost similarly to SDA. Further, because it 
is complicated to set up conditions for a plurality of enzyme reaction, this method is hardly widespread as a general 
analytical method. In the known reactions of amplification of nucleic acid, there remain problems such as complicated 
control of temperature and the necessity for plural enzymes as described above 

[0009] For these known reactions of synthesizing nucleic acid, there are few reports on an attempt for further 
20 improving the efficiency of synthesis of nucleic acid without sacrificing specificity or cost. For example, in a method 
called RCA (rolling-circle amplification), it was shown that single-stranded DNA having a series of nucleotide 
sequences complementary to a padlock probe can be synthesized continuously in the presence of a target nucleotide 
sequence (Paul M. Lizardi et al., Nature Genetics, 19, 225-232, July, 1998). In RCA, a padlock probe having a special 
structure wherein each of the 5'- and 3'-terminals of a single oligonucleotide constitutes an adjacent probe in LCR is 
25 utilized. Then, the continuous reaction of synthesizing complementary chain with the padlock probe as a template 
which was ligated and cyclized in the presence of a target nucleotide sequence is triggered by combination with a 
polymerase catalyzing the strand displacement-type reaction of synthesizing complementary chain. Single-stranded 
nucleic acid having a structure of a series of regions each consisting of the same nucleotide sequence is thus formed. 
A primer is further annealed to this single-stranded nucleic acid to synthesize its complementary chain and a high 
30 degree of amplification is thus realized. However, there still remains the problem of the necessity for a plurality of 
enzymes. Further, triggering of synthesis of complementary chain depends on the reaction of ligating two adjacent 
regions, and its specificity is basically the same as in LCR. 

[0010] For the object of supplying 3'-OH, there is a known method in which a nucleotide sequence is provided at 
the 3'-terminal with a sequence complementary thereto and a hair pin loop is formed at the terminal (Gene, 71, 29-40, 

35 1988). Synthesis of complementary chain with a target sequence itself as a template starts at the hairpin loop to form 
single-stranded nucleic acid composed of the complementary nucleotide sequence. For example, a structure in which 
annealing occurs in the same chain at the terminal to which a complementary nucleotide sequence has been linked is 
realized in PCT/FR95/00891 . In this method, however, the step in which the terminal cancels base pairing with the com- 
plementary chain and base pairing is constituted again in the same chain is essential. It is estimated that this step pro- 

40 ceeds depending on a subtle equilibrium state at the terminal of mutually complementary nucleotide sequences 
involving base pairing. That is, an equilibrium state maintained between base pairing with a complementary chain and 
base pairing in the same chain is utilized and the only chain annealing to the nucleotide sequence in the same chain 
serves as the origin of synthesis of a complementary chain. Accordingly, it is considered that strict reaction conditions 
should be set to achieve high reaction efficiency. Further, in this prior art, the primer itself forms a loop structure. 

45 Accordingly, once a primer dimer is formed, amplification reaction is automatically initiated regardless of whether a tar- 
get nucleotide sequence is present or not, and an unspecific synthetic product is thus formed. This can be a serious 
problem. Further, formation of the primer dimer and subsequent consumption of the primer by unspecific synthetic reac- 
tion lead to a reduction in the amplification efficiency of the desired reaction. 

[001 1] Besides, there is a report that a region not serving as a template for DNA polymerase was utilized to realize 
so a 3'-terminal structure annealing to the same chain (EP713922). This report also has the same problem as in 
PCT/FR95/00891 supra in respect of the utilization of dynamic equilibrium at the terminal or the possibility of unspecific 
synthetic reaction due to formation of a dimer primer. Further, a special region not serving as a template for DNA 
polymerase should be prepared as a primer. 

[001 2] Further, in various signal amplification reactions to which the principle of NASBA described above is applied, 
55 an oligonucleotide having a hairpin structure at the terminal thereof is often utilized to supply a double-stranded pro- 
moter region (JP-A 5-21 1 873). However, these techniques are not those permitting successive supply of 3'-OH for syn- 
thesis of a complementary chain. Further, a hairpin loop structure having a 3'-terminal annealed in the same chain is 
utilized for the purpose of obtaining a DNA template transcribed by RNA polymerase is utilized in JP-A 10-510161 
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(W096/1 7079). In this method, the template is amplified by using transcription into RNA and reverse transcription from 
RNA to DNA. In this method, however, the reaction system cannot be constituted without a combination of a plurality of 
enzymes. 

5 Disclosure of the Invention 

[001 3] The object of the present invention is to provide a method of synthesizing nucleic acid based on a novel prin- 
ciple. A more specific object is to provide a method capable of realizing the synthesis of nucleic acid depending on 
sequence efficiently at low costs. That is, an object of the present invention is to provide a method capable of achieving 
10 the synthesis and amplification of nucleic acid by a single enzyme even under isothermal reaction conditions. Another 
object of the present invention is to provide a method of synthesizing nucleic acid which can realize high specificity dif- 
ficult to achieve in the known reaction principle of nucleic acid synthesis, as well as a method of amplifying nucleic acid 
by applying said synthetic method. 

[001 4] The present inventors focused their attention on the fact that the utilization of a polymerase catalyzing strand 
15 displacement-type synthesis of complementary chain is useful for nucleic acid synthesis not depending on complicated 
control of temperature. Such a DNA polymerase is an enzyme utilized in SDA and RCA. However, even if such an 
enzyme is used, another enzyme reaction is always required for supplying 3'-OH as the origin of synthesis in the known 
means based on primers, such as SDA. 

[0015] Under these circumstances, the present inventors examined supply of 3'-OH from a completely different 
20 viewpoint from the known approach. As a result, the present inventors found that by utilizing an oligonucleotide having 
a special structure, 3'-OH can be supplied without any additional enzyme reaction, thereby completing the present 
invention. That is, the present invention relates to a method of synthesizing nucleic acid, a method of amplifying nucleic 
acid by applying said method of synthesizing nucleic acid and a novel oligonucleotide enabling said methods, as fol- 
lows: 

25 

1. A method of synthesizing nucleic acid having complementary nucleotide sequences linked alternately in a sin- 
gle-stranded chain, comprising: 

a) the step of giving nucleic acid which is provided at the 3'-terminal thereof with a region F1 capable of anneal- 
30 ing to a part F1c in the same chain and which upon annealing of the region F1 to F1c, is capable of forming a 

loop containing a region F2c capable of base pairing, 

b) the step of performing synthesis of a complementary chain wherein the 3'-terminal of F1 having annealed to 
F1c serves as the origin of synthesis, 

c) the step of annealing, to a region F2c, of an oligonucleotide provided with the 3'-terminal thereof with F2 con- 
35 sisting of a sequence complementary to the region F2c, followed by synthesis, with said oligonucleotide as the 

origin of synthesis, of a complementary chain by a polymerase catalyzing the strand displacement reaction of 
synthesizing a complementary chain to displace the complementary chain synthesized in step b), and 

d) the step of annealing, to the complementary chain displaced in step c) to be ready for base pairing, of a poly- 
nucleotide provided at the 3'-terminal thereof with a sequence complementary to an arbitrary region in said 

40 chain synthesized in step c), followed by synthesis, with said 3'-terminal as the origin of synthesis, of a com- 

plementary chain by a polymerase catalyzing the strand displacement reaction of synthesizing a complemen- 
tary chain to displace the complementary chain synthesized in step c). 

2. The method according to item 1, wherein in step d), the origin of synthesis is a region R1 present at the 3'-ter- 
45 minal in the same chain and capable of annealing to a region R1c, and a loop containing the region R2c capable 

of base pairing is formed by annealing R1 to R1c. 

3. An oligonucleotide composed of at least two regions X2 and X1c below, and X1c is linked to the 5'-side of X2, 
X2: a region having a nucleotide sequence complementary to an arbitrary region X2c in nucleic acid having a spe- 
cific nucleotide sequence, and 

so X1c: a region having substantially the same nucleotide sequence as in a region X1c located at the S'-side of the 
region X2c in nucleic acid having a specific nucleotide sequence. 

4. The method according to item 1, wherein the nucleic acid in step a) is second nucleic acid provided by the fol- 
lowing steps: 

55 i) the step of annealing, to a region F2c in nucleic acid serving as a template, of a region F2 in the oligonucle- 

otide described in item 3 wherein the region X2 is a region F2 and the region X1c is a region F1c, 
ii) the step of synthesizing first nucleic acid having a nucleotide sequence complementary to the template 
wherein F2 in the oligonucleotide serves as the origin of synthesis, 
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iii) the step of rendering an arbitrary region in the first nucleic acid synthesized in step ii) ready for base pairing, 
and 

iv) the step of annealing an oligonucleotide having a nucleotide sequence complementary to the region made 
ready for base pairing in the first nucleic acid in step iii), followed by synthesizing second nucleic acid with said 

5 oligonucleotide as the origin of synthesis and rendering F1 at the 3'-terminal thereof ready for base pairing. 

5. The method according to item 4, wherein the region enabling base pairing in step iii) is R2c, and the oligonucle- 
otide in step iv) is the oligonucleotide described in item 3 wherein the region X2c is a region R2c and the region 
X1c is a region R1c. 

10 6. The method according to item 4 or 5, wherein the step of rendering base pairing ready in steps iii) and iv) is con- 
ducted by the strand displacement synthesis of complementary chain by a polymerase catalyzing the strand dis- 
placement reaction of synthesizing complementary chain wherein an outer primer annealing to the 3'-side of F2c 
in the template and an outer primer annealing to the 3'-side of the region used as the origin of synthesis in step iv) 
for the first nucleic acid serve as the origin of synthesis. 

is 7. The method according to item 6, wherein the melting temperature of each oligonucleotide and its complementary 
region in the template used in the reaction is in the following relationship under the same stringency: 

(outer primer/region at the 3'-side in the template) <. (F2c/F2 and R2c/R2) <. (F1c/F1 and R1c/R1). 

20 8. The method according to any one of items 4 to 7, wherein the nucleic acid serving as the template is RNA, and 
the synthesis of complementary chain in step ii) is conducted by an enzyme having a reverse transcriptase activity. 

9. A method of amplifying nucleic acid having complementary nucleotide sequences linked alternately in a single- 
stranded chain by repeatedly conducting the following steps: 

25 A) the step of providing a template which is provided at the 3'- and 5'-terminals thereof with a region consisting 

of a nucleotide sequence complementary to each terminal region in the same chain and which upon annealing 
of these mutually complementary nucleotide sequences, forms a loop capable of base pairing therebetween, 
B) the step of performing the synthesis of complementary chain wherein the 3'-terminal of said template 
annealed to the same chain serves as the origin of synthesis, 

30 C) the step of annealing, to the loop portion, of an oligonucleotide provided at the 3'-terminal thereof with a 

complementary nucleotide sequence to a loop which among said loops, is located at the 3'-terminal site, fol- 
lowed by synthesis, with the oligonucleotide as the origin of synthesis, of a complementary chain by a polymer- 
ase catalyzing the strand displacement reaction of synthesizing a complementary chain to displace the 
complementary chain synthesized in step B) to make the 3'-terminal thereof ready for base pairing, and 

35 D) the step wherein the chain with the 3'-terminal made ready for base pairing in step C) serves as a new tem- 

plate. 

10. The method according to item 9, wherein the oligonucleotide in step C) is provided at the 5'-terminal thereof 
with a nucleotide sequence complementary to the 3'-terminal serving as the origin of synthesis in step B). 

40 11. The method according to item 10, further comprising the step where a complementary chain synthesized with 
the oligonucleotide in step C) as the origin of synthesis is used as a template in step A). 

1 2. The method according to item 9, wherein the template in step A) is synthesized by the method described in item 
5. 

13. The method according to item 1 or 9, wherein the strand displacement reaction of synthesizing complementary 
45 chain is carried out in the presence of a melting temperature regulator. 

14. The method according to item 13, wherein the melting temperature regulator is betaine. 

15. The method according to item 14, wherein 0.2 to 3.0 M betaine is allowed to be present in the reaction solution. 

16. A method of detecting a target nucleotide sequence in a sample, which comprises performing an amplification 
method described in any one of items 9 to 1 5 and observing whether an amplification reaction product is generated 

50 or not. 

17. The method according to item 16, wherein a probe containing a nucleotide sequence complementary to the 
loop is added to the amplification reaction product and hybridization therebetween is observed. 

18. The method according to item 17, wherein the probe is labeled on particles and aggregation reaction occurring 
upon hybridization is observed. 

55 1 9. The method according to item 1 6, wherein an amplification method described in any one of items 9 to 1 5 is con- 
ducted in the presence of a detector for nucleic acid, and whether an amplification reaction product is generated or 
not is observed on the basis of a change in the signal of the detector. 

20. A method of detecting a mutation in a target nucleotide sequence by the detection method described in item 
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16, wherein a mutation in a nucleotide sequence as the subject of amplification prevents synthesis of any one of 
complementary chains constituting the amplification method. 

21. A kit for synthesis of nucleic acid having complementary chains alternately linked in a single-stranded chain, 
comprising the following elements: 

5 

i) the oligonucleotide described in item 3 wherein the region F2c in nucleic acid as a template is X2c, and F1c 
located at the 5'-side of F2c is X1c; 

ii) an oligonucleotide containing a nucleotide sequence complementary to an arbitrary region in a complemen- 
tary chain synthesized with the oligonucleotide in (i) as a primer; iii) an oligonucleotide having a nucleotide 

10 sequence 

complementary to a region F3c located at the 3'-side of the region F2c in the nucleic acid serving as a tem- 
plate; 

iv) a DNA polymerase catalyzing the strand displacement-type reaction of synthesizing complementary chain; 
and 

15 v) a nucleotide serving as a substrate for the element iv). 

22. The kit according to item 21 , wherein the oligonucleotide in ii) is the oligonucleotide described in item 3 wherein 
an arbitrary region R2c in a complementary chain synthesized with the oligonucleotide in i) as the origin of synthe- 
sis is X2c, and R1c located at the 5' of R2c is X1c. 

20 23. The kit according to item 22, further comprising: 

vi) an oligonucleotide having a nucleotide sequence complementary to a region R3c located at the 3'-side of 
the arbitrary R2c in a complementary chain synthesized with the oligonucleotide in i) as the origin of synthesis. 

25 24. A kit for detection of a target nucleotide sequence, comprising a detector for detection of a product of nucleic 
acid synthetic reaction additionally in a kit described in any one of items 21 to 23. 

[0016] The nucleic acid having complementary nucleotide sequences linked alternately in a single-stranded chain 
as the object of synthesis in the present invention means nucleic acid having mutually complementary nucleotide 

30 sequences linked side by side in a single-stranded chain. Further, in the present invention, it should contain a nucleotide 
sequence for forming a loop between the complementary chains. In the present invention, this sequence is called the 
loop-forming sequence. The nucleic acid synthesized by the present invention is composed substantially of mutually 
complementary chains linked via the loop-forming sequence. In general, a strand not separated into 2 or more mole- 
cules upon dissociation of base pairing is called a single-stranded chain regardless of whether it partially involves base 

35 pairing or not. The complementary nucleotide sequence can form base pairing in the same chain. An intramolecular 
base-paired product, which can be obtained by permitting the nucleic acid having complementary nucleotide 
sequences linked alternately in a single-stranded chain according to the present invention to be base-paired in the 
same chain, gives a region constituting an apparently double-stranded chain and a loop not involving base pairing. 
[001 7] That is, the nucleic acid having complementary nucleotide sequences linked alternately in a single-stranded 

40 chain according to the present invention contains complementary nucleotide sequences capable of annealing in the 
same chain, and its annealed product can be defined as single-stranded nucleic acid constituting a loop not involving 
base pairing at a bent hinged portion. A nucleotide having a nucleotide sequence complementary thereto can anneal 
to the loop not involving base pairing. The loop-forming sequence can be an arbitrary nucleotide sequence. The loop- 
forming sequence is capable of base pairing so as to initiate the synthesis of a complementary chain for displacement, 

45 and is provided preferably with a sequence distinguishable from a nucleotide sequence located in the other region in 
order to achieve specific annealing. For example, in a preferred embodiment, the loop-forming sequence contains sub- 
stantially the same nucleotide sequence as a region F2c (or R2c) located at the 3'-side of a region (i.e. F1c or R1c) 
derived from nucleic acid as a template and annealed in the same chain. 

[0018] In the present invention, substantially the same nucleotide sequence is defined as follows. That is, when a 
so complementary chain synthesized with a certain sequence as a template anneals to a target nucleotide sequence to 
give the origin of synthesizing a complementary chain, this certain sequence is substantially the same as the target 
nucleotide sequence. For example, substantially the same sequence as F2 includes not only absolutely the same 
nucleotide sequence as F2 but also a nucleotide sequence capable of functioning as a template giving a nucleotide 
sequence capable of annealing to F2 and acting as the origin of synthesizing complementary chain. The term "anneal" 
55 in the present invention means formation of a double-stranded structure of nucleic acid through base pairing based on 
the law of Watson-Crick. Accordingly, even if a nucleic acid chain constituting base pairing is a single-stranded chain, 
annealing occurs if intramolecular complementary nucleotide sequences are base-paired. In the present invention, 
annealing and hybridization have the same meaning in that the nucleic acid constitutes a double-stranded structure 
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through base pairing. 

[001 9] The number of pairs of complementary nucleotide sequences constituting the nucleic acid according to the 
present invention is at least 1. According to a desired mode of the present invention, it may be 2 or more. In this case, 
there is theoretically no upper limit to the number of pairs of complementary nucleotide sequences constituting the 
5 nucleic acid. When the nucleic acid as the synthetic product of the present invention is constituted of plural sets of com- 
plementary nucleotide sequences, this nucleic acid is composed of repeated identical nucleotide sequences. 
[0020] The nucleic acid having complementary nucleotide sequences linked alternately in a single-stranded chain 
synthesized by the present invention may not have the same structure as naturally occurring nucleic acid. It is known 
that if a nucleotide derivative is used as a substrate when nucleic acid is synthesized by the action of a DNA polymer- 
Jo ase, a nucleic acid derivative can be synthesized. The nucleotide derivative used includes nucleotides labeled with a 
radioisotope or nucleotide derivatives labeled with a binding ligand such as biotin or digoxin. These nucleotide deriva- 
tives can be used to label nucleic acid derivatives as the product. Alternatively, if fluorescent nucleotides are used as a 
substrate, the nucleic acid as the product can be a fluorescent derivative. Further, this product may be either DNA or 
RNA. Which one is formed is determined by a combination of the structure of a primer, the type of a substrate for polym- 
15 erization and polymerization reagents for carrying out polymerization of nucleic acid. 

[0021] Synthesis of the nucleic acid having the structure described above can be initiated by use of a DNA polymer- 
ase having the strand displacement activity and nucleic acid which is provided at the 3'-terminal thereof with a region 
F1 capable of annealing to a part F1c in the same chain and which upon annealing of the region F1 to F1c, is capable 
of forming a loop containing a region F2c capable of base pairing. There are many reports on the reaction of synthesiz- 
20 ing complementary chain wherein a hairpin loop is formed and a sample sequence itself is used as a template, while in 
the present invention the portion of the hairpin loop is provided with a region capable of base pairing, and there is a 
novel feature on utilization of this region in synthesizing complementary chain. By use of this region as the origin of syn- 
thesis, a complementary chain previously synthesized with a sample sequence itself as a template is displaced. Then, 
a region R1c (arbitrary region) located at the 3'-terminal of the displaced chain is in a state ready for base-pairing. A 
25 region having a complementary sequence to this R1c is annealed thereto, resulting in formation of the nucleic acid (2 
molecules) having a nucleotide sequence extending from F1 to R1c and its complementary chain linked alternately via 
the loop-forming sequence. In the present invention, the arbitrary region such as R1c above can be selected arbitrarily 
provided that it can be annealed to a polynucleotide having a nucleotide sequence complementary to that region, and 
that a complementary chain synthesized with the polynucleotide as the origin of synthesis has necessary functions for 
30 the present invention. 

[0022] In the present invention, the term "nucleic acid" is used. The nucleic acid in the present invention generally 
includes both DNA and RNA. However, nucleic acid whose nucleotide is replaced by an artificial derivative or modified 
nucleic acid from natural DNA or RNA is also included in the nucleic acid of the present invention insofar as it functions 
as a template for synthesis of complementary chain. The nucleic acid of the present invention is generally contained in 

35 a biological sample. The biological sample includes animal, plant or microbial tissues, cells, cultures and excretions, or 
extracts therefrom. The biological sample of the present invention includes intracellular parasitic genomic DNA or RNA 
such as virus or mycoplasma. The nucleic acid of the present invention may be derived from nucleic acid contained in 
said biological sample. For example, cDNA synthesized from mRNA, or nucleic acid amplified on the basis of nucleic 
acid derived from the biological sample, is a typical example of the nucleic acid of the present invention. 

40 [0023] The nucleic acid characteristic of the present invention which is provided at the 3'-terminal thereof with a 
region F1 capable of annealing to a part F1c in the same chain and which upon annealing of the region F1 to F1c, is 
capable of forming a loop containing a region F2c capable of base pairing can be obtained in various methods. In the 
most preferable embodiment, the reaction of synthesizing complementary chain utilizing an oligonucleotide having the 
following structure can be used to give the structure. 

45 [0024] That is, the useful oligonucleotide in the present invention consists of at least two regions X2 and X1 c below 
wherein X1c is ligated to the 5'-side of X2. 

X2: a region having a nucleotide sequence complementary to a region X2c in nucleic acid having a specific nucleotide 
sequence. 

X1c: a region having substantially the same nucleotide sequence as a region X1c located at the 5'-side of the region 

so X2c in nucleic acid having a specific nucleotide sequence. 

[0025] Here, the nucleic acid having a specific nucleotide sequence by which the structure of the oligonucleotide of 
the invention is determined refers to nucleic acid serving as a template when the oligonucleotide of the present inven- 
tion is used as a primer. In the case of detection of nucleic acid based on the synthetic method of the present invention, 
the nucleic acid having a specific nucleotide sequence is a detection target or nucleic acid derived from the detection 

55 target. The nucleic, acid having a specific nucleotide sequence refers to nucleic acid wherein at least a part of the nucle- 
otide sequence is revealed or predictable. The part of the nucleotide sequence revealed is the region X2c and the 
region X1 c located at the 5'-side thereof. It can be supposed that these 2 regions are contiguous or located apart from 
each other. By the relative positional relationship of the two, the state of a loop formed upon self-annealing of nucleic 
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acid as the product is determined. The distance between the two is preferably not very apart from each other in order 
that nucleic acid as the product is subjected to self-annealing preferentially over intermolecular annealing. Accordingly, 
the positional relationship of the two is preferably that they are contiguous via a distance of usually 0 to 1 00 bases. How- 
ever, in the formation of a loop by self-annealing described below, there can be the case where it would be disadvanta- 

5 geous for formation of a loop in a desired state that the two are too close to each other. In the loop, there is a need for 
a structure for annealing of a new -oligonucleotide and for readily initiating the strand-displacement reaction of synthe- 
sizing a complementary chain with said oligonucleotide as the origin of synthesis. More preferably, the distance 
between the region X2c and the region X1c located at the S'-side of X2c is designed to be 0 to 100 bases, more desir- 
ably 10 to 70 bases. This numerical value shows a length excluding X1c and X2. The number of bases constituting the 

10 part of a loop is that of this length plus a region corresponding to X2. 

[0026] Both the terms "same" and "complementary" used for characterization of the nucleotide sequence constitut- 
ing the oligonucleotide based on the present invention do not mean being absolutely the same or absolutely comple- 
mentary. That is, the same sequence as a certain sequence includes sequences complementary to nucleotide 
sequences capable of annealing to a certain sequence. On the other hand, the complementary sequence means a 

15 sequence capable of annealing under stringent conditions to provide a 3'-terminal serving as the origin of synthesis of 
complementary chain. 

[0027] Usually, the regions X2 and X1c constituting the oligonucleotide of the present invention for the nucleic acid 
having a specific nucleotide sequence are located contiguously without being overlapped. If there is a common part in 
both the nucleotide sequences, the two can be partially overlaid. Because X2 should function as a primer, it should 

20 always be a 3-terminal. On the other hand, X1 c should give the function of a primer as described blow to the 3'-terminal 
of a complementary chain synthesized with the nucleic acid as a template, and thus it shall be arranged at the 5'-termi- 
nal. The complementary chain obtained with this, oligonucleotide as the origin of synthesis serves as a template for 
synthesis of complementary chain in the reverse direction in the next step, and finally the part of the oligonucleotide of 
the present invention is copied as a template into a complementary chain. The 3' -terminal generated by copying has 

25 the nucleotide sequence X1 , which anneals to X1c in the same chain to form a loop. 

[0028] In the present invention, the oligonucleotide means the one that satisfies the 2 requirements, that is, it must 
be able to form complementary base pairing and give an -OH group serving as the origin of synthesis of complementary 
chain at the 3 -terminal. Accordingly, its backbone is not necessarily limited to the one via phosphodiester linkages. For 
example, it may be composed of a phosphothioate derivative having S in place of P as a backbone or a peptide nucleic 

30 acid based on peptide linkages. The bases may be those capable of complementary base pairing. In the nature, there 
are 5 bases, that is, A, C, T, G and U, but the base can be an analogue such as bromodeoxyuridine. The oligonucleotide 
used in the present invention functions preferably not only as the origin of synthesis but also as a template for synthesis 
of complementary chain. The term polynucleotide in the present invention includes oligonucleotides. The term "polynu- 
cleotide" is used in the case where the chain length is not limited, while the term "oligonucleotide" is used to refer to a 

35 nucleotide polymer having a relatively short chain length. 

[0029] The oligonucleotide according to the present invention has such a chain length as to be capable of base 
pairing with a complementary chain and to maintain necessary specificity under the given environment in the various 
reactions of synthesizing nucleic acid described below. Specifically, it is composed of 5 to 200 base pairs, more prefer- 
ably 10 to 50 base pairs. The chain length of a primer recognizing the known polymerase catalyzing the sequence- 

40 dependent nucleic acid synthetic reaction is at least about 5 bases, so the chain length of the annealing part should be 
longer than that. In addition, a length of 10 bases or more is desired statistically in order to expect specificity as the 
nucleotide sequence. On the other hand, preparation of a too long nucleotide sequence by chemical synthesis is diffi- 
cult, and thus the chain length described above is exemplified as a desired range. The chain length exemplified here 
refers to the chain length of a part annealing to a complementary chain. As described below, the oligonucleotide 

45 according to the present invention can anneal finally to at least 2 regions individually. Accordingly, it should be under- 
stood that the chain length exemplified here is the chain length of each region constituting the oligonucleotide. 
[0030] Further, the oligonucleotide according to the present invention can be labeled with a known labeling sub- 
stance. The labeling substance includes binding ligands such as digoxin and biotin, enzymes, fluorescent substances 
and luminescent substances, and radioisotopes. The techniques of replacing a base constituting an oligonucleotide by 

so a fluorescent analogue are also known (WO95/05391 , Proc. Natl. Acad. Sci. USA, 91, 6644-6648, 1994). 

[0031] Other oligonucleotides according to the present invention can also have been bound to a solid phase. Alter- 
natively, an arbitrary part of the oligonucleotide may be labeled with a binding ligand such as biotin, and it can be immo- 
bilized indirectly via a binding partner such as immobilized avidin. When the immobilized oligonucleotide is used as the 
origin of synthesis, nucleic acid as the synthetic reaction product is captured by the solid phase, thus facilitating its sep- 

55 aration. The separated product can be detected by a nucleic acid-specific indicator or by hybridization with a labeling 
probe. The target nucleic acid fragments can also be recovered by digesting the product with arbitrary restriction 
enzymes. 

[0032] The term "template" used in the present invention means nucleic acid serving as a template for synthesizing 
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a complementary chain. A complementary chain having a nucleotide sequence complementary to the template has a 
meaning as a chain corresponding to the template, but the relationship between the two is merely relative. That is, a 
chain synthesized as the complementary chain can function again as a template. That is, the complementary chain can 
become a template. 

s [0033] The oligonucleotide useful in the present invention is not limited to the 2 regions described above and can 
contain an additional region. While X2 and X1c are arranged at the 3'- and 5'-terminals respectively, an arbitrary 
sequence can be interposed therebetween. For example, it can be a restriction enzyme recognition site, a promoter rec- 
ognized by RNA polymerase, or DNA coding for ribozyme. By using it as a restriction enzyme recognition sequence, 
the nucleic acid having a complementary sequence alternately linked in a single-stranded chain as the synthetic prod- 
to uct of the present invention can be cleaved into double-stranded nucleic acids of the same length. By arranging a pro- 
moter sequence recognized by RNA polymerase, the synthetic product of the present invention serves as the template 
to permit further transcription into RNA. By further arranging DNA coding for ribozyme, a system where the transcrip- 
tional product is sequences are those functioning after formed into a double-stranded chain. Accordingly, when the sin- 
gle-stranded nucleic acid according to the present invention has formed a loop, these sequences do not function. They 
is do not function until the nucleic acid is elongated and annealed in the absence of a loop to a chain having a comple- 
mentary nucleotide sequence. 

[0034] When a promoter is combined with the oligonucleotide based on the present invention in such a direction as 
to permit transcription of the synthesized region, the reaction product based on the present invention where the same 
nucleotide sequence is repeated realizes a highly efficient transcriptional system. By combining this system with a suit- 
20 able expression system, translation into a protein is also feasible. That is, the system can be utilized for transcription 
and translation into protein in bacteria or animal cells or jn vitro . 

[0035] The oligonucleotide of the present invention having the structure described above can be chemically synthe- 
sized. Alternatively, natural nucleic acid may be cleaved with e.g. restriction enzymes and modified so as to be com- 
posed of, or ligated into, the nucleotide sequence described above. 

25 [0036] The basic principle of the reaction for performing synthesis by utilizing the useful oligonucleotide described 
above in combination with DNA polymerase having the strand displacement activity in the reaction of synthesizing 
nucleic acid according to the present invention is described by reference to Figs. 5 to 6. The oligonucleotide described 
above (FA in Fig. 5) anneals at X2 (corresponding to F2) to nucleic acid as a template, to provide the origin of synthesis 
of complementary chain. In Fig. 5, a complementary chain synthesized from FA as the origin of synthesis is displaced 

30 by synthesis of complementary chain (described below) from an outer primer (F3), to form a single-stranded chain (Fig. 
5- A). When synthesis of complementary chain to the resulting complementary chain is further conducted, the 3'-termi- 
nal of nucleic acid synthesized as complementary chain in Fig. 5-A has a nucleotide sequence complementary to the 
oligonucleotide of the present invention. That is, because the 5'-terminal of the oligonucleotide of the present invention 
has the same sequence as a region X1c (corresponding to F1c), the 3'-terminal of the nucleic acid thus synthesized 

35 has a complementary sequence X1 (F1). Fig. 5 shows that the complementary chain synthesized from R1 as the origin 
of synthesis is displaced by synthesis of complementary chain by primer R3 as the origin of synthesis. Once the 3'-ter- 
minal portion is made ready for base pairing by this displacement, X1 (F1) at the 3'-terminal anneals to X1c (F1c) in the 
same chain, and elongation reaction with itself as a template proceeds (Fig. 5-B). Then, X2c (F2c) located at the 3'- 
terminal thereof is left as a loop not involving base pairing. X2 (F2) in the oligonucleotide according to the present inven- 

40 tion anneals to this loop, and a complementary chain is synthesized with said oligonucleotide as the origin of synthesis 
(Fig. 5-B). A product of complementary chain synthetic reaction with the previously synthesized product as a template 
is displaced by the strand displacement reaction so that it is made ready for base pairing. 

[0037] By the basic constitution using one kind of oligonucleotide according to the present invention and an arbi- 
trary reverse primer capable of conducting nucleic acid synthesis where a complementary chain synthesized with said 

45 oligonucleotide as a primer is used as a template, a plurality of nucleic acid synthetic products as shown in Fig. 6 can 
be obtained. As can be seen from Fig. 6, (D) is the desired nucleic acid product of the invention having complementary 
nucleotide sequence alternately linked in a single-stranded chain. Once converted into a single-stranded chain by treat- 
ment such as heat denaturation, the other product (E) serves again as a template for forming (D). If the product (D) as 
nucleic acid in the form of a double-stranded chain is converted into a single-stranded chain by heat denaturation, 

50 annealing occurs within the same chain at high probability without forming the original double-stranded chain. This is 
because a complementary chain having the same melting temperature (Tm) undergoes intramolecular reaction prefer- 
entially over intermolecular reaction. Each single-stranded chain derived from the product (D) annealed in the same 
chain is annealed in the same chain and returned to the state of (B), and each chain further gives one molecule of (D) 
and (E) respectively. By repeating these steps, it is possible to successively synthesize the nucleic acid having comple- 

55 mentary nucleotide sequences linked alternately in a single-stranded chain. The template and the product formed in 1 
cycle are increased exponentially, thus making the reaction very efficient. 

[0038] To realize the state of Fig. 5(A), the initially synthesized complementary chain should, in at least the portion 
to which the reverse primer anneals, should be ready for base pairing. This step can be achieved by an arbitrary 
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method. That is, an outer primer (F3), which anneals to the first template at a region F3c at the 3'-side of the region F2c 
to which the oligonucleotide of the present invention anneals, is separately prepared. If this outer primer is used as the 
origin synthesis to synthesize a complementary chain by a polymerase catalyzing the strand displacement-type synthe- 
sis of complementary chain, the complementary chain synthesized from the F2c as the origin of synthesis in the inven- 

5 tion is displaced, and as a result the region R1c to be annealed by R1 is made ready for base pairing (Fig. 5). By 
utilization of the strand displacement reaction, the reaction up to now can proceed under isothermal conditions. 
[0039] When an outer primer is used, synthesis from the outer primer (F3) should be initiated after syn- 
thesis from F2c. In the most simple method, the concentration of the inner primer is made higher than the concentration 
of the outer primer. Specifically, the primers are used at usually 2- to 50-fold, preferably 4- to 10-fold different 

10 concentrations, whereby the reaction can proceed as expected. Further, the melting temperature (Tm) 
of the outer primer is set to be lower than the Tm of the X1 (corresponding to F1 and R1) in the 
inner primer whereby the timing of synthesis can be controlled. That is, (outer primer F3 : F3c) 
<, F2c/F2) <, (F1c/F1) or (outer primer/region at the 3-side in the template) <, (X2c : X2) ^ (X1c : X1) . Here, the rea- 
son for (F2c/F2) <, (F1c/F1) is for annealing between F1c/F1 prior to annealing of F2 to the loop. The annealing 

15 between F1c/F1 is an intramolecular reaction and may thus proceed preferentially at high probability. However, it is 
meaningful to consider Tm in order to give more desired reaction conditions. As a matter of course, similar conditions 
should be considered even in the design of a reverse primer. By using such a relationship, statistically ideal reaction 
conditions can be achieved. If other conditions are fixed, melting temperature (Tm) can be theoretically calculated by a 
combination of the length of an annealing complementary chain and bases constituting base-pairing. Accordingly 

20 those skilled in the art can derive preferable conditions on the basis of the disclosure of this specification. 

[0040] Further, the phenomenon called contiguous stacking can also be applied for controlling timing of annealing 
of the outer primer. Contiguous stacking is a phenomenon in which an oligonucleotide not capable of annealing inde- 
pendently is made capable of annealing upon being contiguous to the part of a double-stranded chain (Chiara Borgh- 
esi-Nicoletti et al., Bio Techniques, 12, 474-477 (1992)). That is, the outer primer is designed so as to be contiguous to 

25 F2c (X2c) and not to be able to anneal independently. By doing so, annealing of the outer primer does not occur until 
F2c (X2c) anneals, and thus the annealing of F2c (X2c) occurs preferentially. On the basis of this principle, the Exam- 
ples show setting of the nucleotide sequence of an oligonucleotide necessary as a primer for a series of reactions. This 
step can also be achieved by denaturation under heating or with a DNA helicase. 

[0041 ] If the template nucleic acid having F2c (X2c) is RNA, the state of Fig. 5-(A) can also be realized by a different 

30 method. For example, if this RNA chain is decomposed, R1 is made ready for base pairing. That is, F2 is annealed to 
F2c in RNA and a complementary chain is synthesized as DNA by a reverse transcriptase. The RNA serving as a tem- 
plate is decomposed by alkali denaturation or by enzymatic treatment with a ribonuclease acting on RNA in a double- 
stranded chain of DNA/RNA whereby the DNA synthesized from F2 is formed into a single-stranded chain. For the 
enzyme selectively decomposing RNA in a double-stranded chain of DNA/RNA, the ribonuclease activity of RNase H 

35 or some reverse transcriptases can be utilized. In this manner, the reverse primer can be annealed to R1c made capa- 
ble of base pairing. Accordingly, the outer primer for rendering R1c ready for base pairing becomes unnecessary. 
[0042] Alternatively, the strand displacement activity of reverse transcriptase can be utilized for the strand displace- 
ment by an outer primer as described above. In this case, a reaction system can be constituted by a reverse tran- 
scriptase only. That is, using RNA as a template, it is made possible by a reverse transcriptase to synthesize a 

40 complementary chain from F2 annealing to F2c in the template and to synthesize a complementary chain from the outer 
primer F3 as the origin of synthesis annealing to F3c located at the 3'-side of F2c and to simultaneously displace the 
previously synthesized complementary chain. When the reverse transcriptase performs the reaction of synthesizing a 
complementary chain with DNA as the template, all the reactions of synthesizing complementary chains including the 
synthesis of a complementary chain with R1 as the origin of synthesis annealing to R1c in the displaced complemen- 

45 tary chain as the template, the synthesis of a complementary chain with R3 as the origin of synthesis annealing to R3c 
located at the 3'-side of R1c and the simultaneous displacement reaction, proceed by the reverse transcriptase. If it is 
not possible to expect that the reverse transcriptase exhibits the DNA/RNA strand displacement activity under given 
reaction conditions, a DNA polymerase having the strand displacement activity described above may be combined. The 
mode of obtaining a first single-stranded nucleic acid with RNA as a template as described above constitutes a prefer- 

50 able mode of the present invention. On the other hand, if a DNA polymerase such as Bca DNA polymerase having both 
strand displacement activity and reverse transcriptase activity is used, not only synthesis of a first single-stranded 
nucleic acid from RNA but also subsequent reaction with DNA as a template can proceed similarly by the same 
enzyme. 

[0043] The reaction system described above brings about various variations inherent in the present invention by uti- 
55 lization of the reverse primer having a specific structure. The most effective variation is described below. That is, the 
oligonucleotide constituted as described in [5] is used as the reverse primer in the most advantageous mode of the 
present invention. The oligonucleotide in [5] is an oligonucleotide wherein arbitrary regions R2c and R1c in a comple- 
mentary chain synthesized with F2 as a primer are X2c and X1 c respectively. By use of such a reverse primer, a series 
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of reactions for forming a loop and for synthesizing and displacing a complementary chain from this loop occur in both 
the sense and antisense chains (forward side and reverse side). As a result, the reaction efficiency for synthesis of the 
nucleic acid having complementary nucleotide sequences linked alternately in a single-stranded chain according to the 
present invention is greatly improved while a series of these reactions are feasible under isothermal conditions. Here- 
5 inafter, this mode is described in more detail by reference to Figs. 1 to 3 where this mode is summarized. 

[0044] In the following mode, 2 kinds of oligonucleotides based on the present invention are prepared. For expla- 
nation, these are designated FA and RA. The regions constituting FA and RA are as follows: 
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X2 


X1c 


FA 


F2 


F1c 


RA 


R2 


R1c 



[0045] Here, F2 is a complementary nucleotide sequence to a region F2c in nucleic acid as the template. R2 is a 
nucleotide sequence complementary to an arbitrary region R2c contained in a complementary chain synthesized with 
F2 as a primer. F1c and R1c are arbitrary nucleotide sequences located downward from F2c and R2c respectively. The 

20 distance between F2 and R2 may be arbitrary. Even if its length is about 1 kbp, sufficient synthesis is feasible under 
suitable conditions, though depending on the synthetic ability of DNA polymerase to perform the synthesis of a comple- 
mentary chain. Specifically, when Bst DNA polymerase is used, the desired product is certainly synthesized if the dis- 
tance between F2 and R2c is 800 bp, preferably 500 bp or less. In PCR involving temperature cycle, the reduction in 
the enzyme activity by the stress of temperature change is considered to reduce the efficiency of synthesis of a long 

25 nucleotide sequence. In a preferable mode of the present invention, the temperature cycle in the step of amplifying 
nucleic acid is not required, and thus the synthesis and amplification of an even long nucleotide sequence can be cer- 
tainly achieved. 

[0046] First, F2 in FA is annealed to nucleic acid as a template and used as the origin of synthesis of a complemen- 
tary chain. The subsequent reaction steps until Fig. 1(4) are the same as in the previously described basic mode (Fig. 
30 5) in the present invention. The sequence annealed as F3 in Fig. 1(2) is the outer primer described above. A DNA 
polymerase for conducting the strand displacement-type synthesis of a complementary chain with this primer as the ori- 
gin of synthesis is used so that the complementary chain synthesized from FA is displaced and made ready for base 
pairing. 

[0047] When R2c is made ready for base pairing in (4), RA as a reverse primer anneals thereto in the combination 
35 of R2c/R2. Synthesis of a complementary chain with this site as the origin of synthesis proceeds until the chain reaches 
F1c at the 5'-terminal of FA. Following this reaction of synthesizing a complementary chain, the outer primer R3 for dis- 
placement anneals thereto to synthesize a complementary chain, during which strand displacement also proceeds so 
that the complementary chain synthesized from RA as the origin of synthesis is displaced. In the complementary chain 
thus displaced, RA is located at the 5'-side thereof and a sequence complementary to FA is located at the 3'-terminal 
40 thereof. 

[0048] At the 3'-side of the single-stranded nucleic acid thus displaced, there is a sequence F1 complementary to 
F1 c in the same chain. F1 rapidly anneals to F1c in the same molecule to initiate synthesis of a complementary chain. 
When the 3'-terminal (F1) anneals to F1c in the same chain, a loop containing F2c is formed. As is also evident from 
Fig. 2-(7), the part of this loop remains ready for base pairing. The oligonucleotide FA of the invention having a nucle- 

45 otide sequence complementary to F2c anneals to the part of this loop and acts as the origin of synthesis of a comple- 
mentary chain (7). Synthesis of a complementary chain from the loop proceeds while the reaction product in the 
previously initiated complementary chain synthesis from F1 is displaced. As a result, the complementary chain synthe- 
sized with itself as the template is made ready for base pairing again at the 3'-terminal. This 3'-terminal is provided with 
a region R1 capable of annealing to R1c in the same chain, and the two are annealed preferentially due to the rapid 

so intramolecular reaction. The same reaction as the above-described reaction starting from the 3'-terminal synthesized 
with FA as a template proceeds in this region as well. As a result, the nucleic acid having complementary nucleotide 
sequences linked alternately in the same single-stranded chain according to the present invention is continued to be 
extended from R1 as the starting point at the 3'-terminal by successive synthesis of a complementary chain and sub- 
sequent displacement thereof. Because R2c is always contained in the loop formed by intramolecular annealing of the 

55 3'-terminal R1 , the oligonucleotide (RA) provided with R2 anneals to the loop at the 3'-terminal in the subsequent reac- 
tion. 

[0049] When attention is paid to nucleic acid synthesized as complementary chain from the oligonucleotide anneal- 
ing to the loop in the single-stranded nucleic acid elongated with itself as the template, synthesis of the nucleic acid hav- 
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ing complementary nucleotide sequences linked alternately in the same single-stranded chain according to the present 
invention also proceeds here. That is, synthesis of a complementary chain from the loop is completed when it reached 
RA in e.g. Fig. 2-(7). Then, when the nucleic acid displaced by this nucleic acid synthesis initiates synthesis of comple- 
mentary chain (Fig. 3-(8)), the reaction reaches the loop which was once the origin of synthesis, and displacement is 

5 initiated again. In this manner, the nucleic acid initiated to be synthesized from the loop is also displaced, and as a 
result, the 3'-terminal R1 capable of annealing in the same chain is obtained (Fig. 3-(10)). This 3'-terminal R1 anneals 
to R1c in the same chain to initiate synthesis of complementary chain. This reaction is the same as in Fig. 2-(7) except 
that F is used in place of R. Accordingly, the structure shown in Fig. 3-(10) can function as a new nucleic acid which 
continues self-elongation and new nucleic acid formation. 

10 [0050] The reaction of synthesizing nucleic acid, initiated from the nucleic acid shown in Fig. 3-(10), causes elon- 
gation from the 3'-terminal F1 as the origin of synthesis, as opposed to the reaction described above. That is, in the 
present invention, as one nucleic acid is elongated, the reaction of continuing to supply a new nucleic acid initiating 
elongation separately proceeds. Further, as the chain is elongated, a plurality of loop-forming sequences are brought 
about not only at the terminal but also in the same chain. When these loop-forming sequences are made ready for base 

15 pairing by the strand displacement synthetic reaction, an oligonucleotide anneals thereto to serve as a base for the 
reaction of forming a new nucleic acid. Further efficient amplification is achieved by the synthetic reaction starting not 
only at the terminal but also in the chain. The oligonucleotide RA based on the present invention is combined as the 
reverse primer as described above whereby elongation and subsequent formation of a new nucleic acid occur. Further, 
in the present invention, this newly formed nucleic acid itself is elongated and brings about subsequent formation of a 

20 new nucleic acid. A series of these reactions continue theoretically permanently to achieve very efficient amplification 
of nucleic acid. In addition, the reaction in the present invention can be conducted under isothermal conditions. 
[0051] The reaction products thus accumulated possess a structure having a nucleotide sequence between F1 and 
R1 and its complementary sequence linked alternately therein. However, both the terminals of the repeating unit have 
a region consisting of the successive nucleotide sequences F2-F1 (F2c-F1c) and R2-R1 (R2c-R1c). For example, in 

25 Fig. 3-(9), the sequences (R2-F2c)-(F1-R2c)-(R1-F1c)-(F2-R2c) are linked in this order from the 5'-side. This is 
because the amplification reaction based on the present invention proceeds on the principle that the reaction is initiated 
from F2 (or R2) with an oligonucleotide as the origin of synthesis and then a complementary chain is elongated by the 
synthetic reaction from F1 (or R1) with the 3'-terminal as the origin of synthesis. 

[0052] Here, in the most preferable mode, oligonucleotides FA and RA according to the present invention were 
30 used as oligonucleotides annealing to the part of a loop. However, even if these oligonucleotide having a limited struc- 
ture are not used, the amplification reaction according to the present invention can be carried out by use of an oligonu- 
cleotide capable of initiating the synthesis of a complementary chain from the loop. That is, the elongating 3'-terminal, 
once displaced by a complementary chain synthesized from the loop, gives the part of a loop again. Because the 
nucleic acid having complementary nucleotide sequences linked alternately in a single-stranded chain is always used 
35 as a template in the complementary chain synthesis starting from the loop, it is evident that the nucleic acid desired in 
the present invention can be synthesized. However, the nucleic acid thus synthesized performs synthesis of a comple- 
mentary chain by forming a loop after displacement, but there is no 3'-terminal available for subsequent formation of a 
loop, and thus it cannot function as a new template. Accordingly, the product in this case, unlike nucleic acid initiated to 
be synthesized by FA or RA, cannot be expected to be exponentially amplified. From this reason, an oligonucleotide 
40 having the structure of FA or RA is useful for highly efficient synthesis of nucleic acid based on the present invention. 
[0053] A series of these reactions proceed by adding the following components to single-stranded nucleic acid as 
a template and then incubating the mixture at such a temperature that the nucleotide sequence constituting FA and RA 
can form stable base pairing with its complementary nucleotide sequence while the enzyme activity can be maintained. 

45 • 4 kinds of oligonucleotides: 

FA, 
RA, 

outer primer F3, and 
so outer primer R3, 

DNA polymerase for performing the strand displacement-type synthesis of complementary chain, 
an oligonucleotide serving as a substrate for DNA polymerase. 

55 [0054] Accordingly, temperature cycle such as in PCR is not necessary. The stable base pairing referred to herein 
means a state in which at least a part of an oligonucleotide present in the reaction system can give the origin of synthe- 
sis of complementary chain. For example, the desired condition for bringing about stable base pairing is to set lower 
than melting temperature (Tm). Generally, melting temperature (Tm) is regarded as the temperature at which 50 % of 
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nucleic acids having mutually complementary nucleotide sequences are base-paired. Setting at melting temperature 
(Tm) or less is not an essential condition in the present invention, but is one of the reaction conditions to be considered 
for attaining high efficiency of synthesis. If nucleic acid to be used as a template is a double-stranded chain, the nucleic 
acid should, in at least a region to which the oligonucleotide anneals, be made ready for base pairing. For this, heat 
5 denaturation is generally conducted, and this may be conducted only once as pretreatment before the reaction is initi- 
ated. 

[0055] This reaction is conducted in the presence of a buffer giving suitable pH to the enzyme reaction, salts nec- 
essary for annealing or for maintaining the catalytic activity of the enzyme, a protective agent for the enzyme, and as 
necessary a regulator for melting temperature (Tm). As the buffer, e.g. Tris-HCI having a buffering action in a neutral to 

10 weakly alkaline range is used. The pH is adjusted depending on the DNA polymerase used. As the salts, KCI, NaCI, 
(NH 4 ) 2 S0 4 etc. are suitably added to maintain the activity of the enzyme and to regulate the melting temperature (Tm) 
of nucleic acid. The protective agent for the enzyme makes use of bovine serum albumin or sugars. Further, dimethyl 
sulfoxide (DMSO) or formamide is generally used as the regulator for melting temperature (Tm). By use of the regulator 
for melting temperature (Tm), annealing of the oligonucleotide can be regulated under limited temperature conditions. 

15 Further, betaine (N,N,N-trimethylglycine) or a tetraalkyl ammonium salt is also effective for improving the efficiency of 
strand displacement by virtue of its isostabilization. By adding betaine in an amount of 0.2 to 3.0 M, preferably 0.5 to 
1.5 M to the reaction solution, its promoting action on the nucleic acid amplification of the present invention can be 
expected. Because these regulators for melting temperature act for lowering melting temperature, those conditions giv- 
ing suitable stringency and reactivity are empirically determined in consideration of the concentration of salts, reaction 

20 temperature etc. 

[0056] An important feature in the present invention is that a series of reactions do not proceed unless the posi- 
tional relationship of a plurality of regions is maintained. By this feature, unspecific synthetic reaction accompanied by 
unspecific synthesis of complementary chain is effectively prevented. That is, even if a certain unspecific reaction 
occurs, the possibility for the product to serve as a starting material in the subsequent amplification step is minimized. 

25 Further, the regulation of the progress of reactions by many regions brings about the possibility that a detection system 
capable of strict identification of the desired product in analogous nucleotide sequences can be arbitrarily constituted. 
[0057] This feature can be utilized for detection of mutations in a gene. In the mode of the invention where the outer 
primer is used, 4 primers, that is, 2 outer primers and 2 primers consisting of the oligonucleotides of the present inven- 
tion, are used. That is, unless the 6 regions contained in the 4 oligonucleotides work as designed, the synthetic reaction 

30 of the present invention do not proceed. In particular, the sequences of the 3'-terminal of each oligonucleotide as the 
origin of synthesis of complementary chain and of the 5'-terminal of the X1c region where the complementary chain 
serves as the origin of synthesis are important. Hence, these important sequences is designed so as to correspond to 
a mutation to be detected, and the synthetic reaction product of the present invention is observed whereby the presence 
or absence of a mutation such as base deletion or insertion, or genetic polymorphism such as SNPs can be compre- 

35 hensively analyzed. Specifically, bases estimated to have a mutation or polymorphism are designed so as to corre- 
spond to the vicinity of the 3'-terminal of an oligonucleotide as the origin of synthesis of complementary chain, or of 5'- 
terminal thereof when a complementary chain is the origin of synthesis. If a mismatch is present at the 3'-terminal as 
the origin of synthesis of complementary chain or in its vicinity, the reaction of synthesizing a complementary chain to 
nucleic acid is significantly inhibited. In the present invention, a high degree of amplification reaction is not achieved 

40 unless the structure of the terminals of a product in the initial reaction brings about repeated reactions. Accordingly, 
even if erroneous synthesis occurs, complementary chain synthesis constituting amplification reaction is always inter- 
rupted in some of the steps, and thus a high degree of amplification reaction does not occur in the presence of a mis- 
match. As a result, the mismatch effectively inhibits amplification reaction, and an accurate result is finally brought 
about. That is, it can be said that the amplification reaction of nucleic acid based on the present invention has a highly 

45 completed mechanism for checking the nucleotide sequence. These features are an advantage hardly expectable in 
e.g. the PCR method where amplification reaction is performed in mere 2 regions. 

[0058] The region X1c characterizing the oligonucleotide used in the present invention can serve as the origin of 
synthesis after a complementary sequence is synthesized, and this complementary sequence anneals to the sequence 
X1 in the same newly synthesized chain whereby synthetic reaction with itself as a template proceeds. Therefore, even 
50 if the so-called primer dimer which is often problematic in the prior art is formed, this oligonucleotide does not form a 
loop. Accordingly, unspecific amplification attributable to the primer dimer cannot occur theoretically, and thus the 
present oligonucleotide contributes to an improvement in the specificity of the reaction. 

[0059] Further, according to the present invention, the outer primers shown as F3 (Fig. 1 -(2)) or R3 (Fig. 2-(5)) are 
combined whereby a series of the reactions described above can be conducted under isothermal conditions. That is, 
55 the present invention provides a method of amplifying nucleic acid having complementary sequences linked alternately 
in a single-stranded chain, which comprises the steps shown in item 9 above. In this method, temperature conditions 
where stable annealing occurs between F2c/F2, between R2c/R2, between F1c/F1, and between R1c/R1 are selected, 
and preferably F3c/F3 and R3c/R3 are set up to be annealed by the phenomenon of contiguous stacking facilitated by 
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annealing of F2c/F2 and R2c/R2, respectively. 

[0060] In the present invention, the terms "synthesis" and "amplification" of nucleic acid are used. The synthesis of 
nucleic acid in the present invention means the elongation of nucleic acid from an oligonucleotide serving as the origin 
of synthesis. If not only this synthesis but also the formation of other nucleic acid and the elongation reaction of this 

5 formed nucleic acid occur continuously, a series of these reactions is comprehensively called amplification. 

[0061] The single-stranded nucleic acid which is provided at the 3'-terminal thereof with a region F1 capable of 
annealing to a part F1c in the same chain and which upon annealing of the region F1 to F1c in the same chain, is capa- 
ble of forming a loop containing a region F2c capable of base pairing is an important element of the present invention. 
Such a single-stranded nucleic acid can also be supplied on the following principle. That is, the synthesis of a comple- 

10 mentary chain is allowed to proceed on the basis of a primer having the following structure. 5'-[region X1 annealing to 
region X1c located in primer]-[loop forming sequence ready for base pairing]-[region X1c]-[region having a sequence 
complementary to a template]-3' 

[0062] As the region having a sequence complementary to a template, two nucleotide sequences, that is, a nucle- 
otide sequence (primer FA) complementary to F1 and a nucleotide sequence (primer RA) complementary to R1c, are 

is prepared. The nucleotide sequence constituting nucleic acid to be synthesized contains a nucleotide sequence extend- 
ing from the region F1 to the region R1c and a nucleotide sequence extending from the region R1 having a nucleotide 
sequence complementary to this nucleotide sequence to the region F1 c. X1 c and X1 capable of annealing in the inside 
of the primer can be arbitrary sequences. However, in a region between primers FA and RF, the sequence of the region 
X1c/X1 is made preferably different. 

20 [0063] First, the synthesis of a complementary chain by the primer FA from the region F1 in template nucleic acid 
is conducted. Then, the region R1c in the synthesized complementary chain is made ready for base pairing, to which 
the other primer is annealed to form the origin of synthesis of complementary chain. The 3'-terminal of the complemen- 
tary chain synthesized in this step has a nucleotide sequence complementary to the primer FA constituting the 5'-ter- 
minal of the initially synthesized chain, so it has been provided at the 3'-terminal thereof with the region X1 which 

25 anneals to the region X1c in the same chain to form a loop. The characteristic 3'-terminal structure according to the 
present invention is thus provided, and the subsequent reaction constitutes the reaction system shown previously as 
the most preferable mode. The oligonucleotide annealing to the portion of the loop is provided at the 3'-terminal thereof 
with the region X2 complementary to the region X2c located in the loop and at the 5'-terminal thereof with the region 
X1 . In the previous reaction system, primers FA and RA were used to synthesize a chain complementary to template 

30 nucleic acid thereby giving a loop structure to the 3'-terminal of the nucleic acid. In this method, the terminal structure 
characteristic of the present invention is provided by the short primers. In this mode, on the other hand, the whole of a 
nucleotide sequence constituting a loop is provided as a primer, and synthesis of this longer primer is necessary. 
[0064] If a nucleotide sequence containing restriction enzyme recognition regions is used as a reverse primer, a dif- 
ferent mode according to the present invention can be constituted. The reaction with a reverse primer containing a 

35 restriction enzyme recognition sequence is specifically described by reference to Fig. 6. When Fig. 6-(D) is completed, 
a nick is generated by a restriction enzyme corresponding to a restriction enzyme recognition site in the reverse primer. 
The strand displacement-type reaction of synthesizing complementary chain is initiated from this nick as the origin of 
synthesis. Because the reverse primers are located at both the terminals of a double-stranded nucleic acid constituting 
(D), the reaction of synthesizing complementary chain is also initiated from both the terminals. Though basically based 

40 on the SDA method described as the prior art, the nucleotide sequence serving as a template has a structure having 
complementary nucleotide sequences alternately linked according to the present invention so that the nucleic acid syn- 
thetic system unique to the present invention is constituted. A part serving as a complementary chain of the reverse 
primer to be nicked should be designed to incorporate a dNTP derivative such that it is rendered nuclease resistance 
to prevent cleavage of the double-stranded chain by the restriction enzyme. 

45 [0065] It is also possible to insert a promoter for RNA polymerase into the reverse primer. Transcription from both 
the terminals in Fig. 6-(D) is performed by a RNA polymerase recognizing this promoter in this case too similar to the 
previous mode where the SDA method was applied. 

[0066] The nucleic acid synthesized in the present invention is a single-stranded chain but is composed of partial 
complementary sequences, and thus the majority of these sequences are base-paired. By use of this feature, the syn- 

so thesized product can be detected. By carrying out the method of synthesizing nucleic acid according to the present 
invention in the presence of a fluorescent pigment as a double-stranded chain-specific intercalater such as ethidium 
bromide, SYBR Green I or Pico Green, the increased density of fluorescence is observed as the product is increased. 
By monitoring it, it is possible to trace the real-time synthetic reaction in a closed system. Application of this type of 
detection system to the PCR method is also considered, but it is deemed that there are many problems because the 

55 signal from the product cannot be distinguished from signals from primer dimers etc. However, when this system is 
applied to this invention, the possibility of increasing unspecific base pairing is very low, and thus high sensitivity and 
low noises can be simultaneously expected. Similar to use of the double-stranded chain-specific intercalater, the trans- 
fer of fluorescent energy can be utilized for a method of realizing a detection system in a uniform system. 
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[0067] The method of synthesizing nucleic acid according to the present invention is supported by the DNA 
polymerase catalyzing the strand displacement-type reaction for synthesis of complementary chain. During the reaction 
described above, a reaction step not necessarily requiring the strand displacement-type polymerase is also contained. 
However, for simplification of a constitutional reagent and in an economical viewpoint, it is advantageous to use one 
5 kind of DNA polymerase. As this kind of DNA polymerase, the following enzymes are known. Further, various mutants 
of these enzymes can be utilized in the present invention insofar as they have both the sequence-dependent activity for 
synthesis of complementary chain and the strand displacement activity. The mutants referred to herein include those 
having only a structure bringing about the catalytic activity required of the enzyme or those with modifications to cata- 
lytic activity, stability or thermostability by e.g. mutations in amino acids. 

10 

Bst DNA polymerase 

Bca (exo-)DNA polymerase 

DNA polymerase I Kl enow fragment 

Vent DNA polymerase 

is Vent (exo-)DNA polymerase (Vent DNA polymerase deficient in exonuclease activity) 
Deep Vent DNA polymerase 

Deep Vent(exo-)DNA polymerase (Deep Vent DNA polymerase deficient in exonuclease activity) 
029 phage DNA polymerase 
MS-2 phage DNA polymerase 
20 Z-Taq DNA polymerase (Takara Shuzo Co., Ltd.) 
KOD DNA polymerase (Toyobo Co., Ltd.) 

[0068] Among these enzymes, Bst DNA polymerase and Bca (exo-) DNA polymerase are particularly desired 
enzymes because they have a certain degree of thermostability and high catalytic activity. The reaction of this invention 

25 can be carried isothermally in a preferred embodiment, but because of the adjustment of melting temperature (Tm) etc. , 
it is not always possible to utilize temperature conditions desired for the stability of the enzyme. Accordingly, it is one of 
the desired conditions that the enzyme is thermostable. Although the isothermal reaction is feasible, heat denaturation 
may be conducted to provide nucleic acid as a first template, and in this respect too, utilization of a thermostable 
enzyme broadens selection of assay protocol. 

30 [0069] Vent (exo-)DNA polymerase is an enzyme having both strand displacement activity and a high degree of 
thermostability. It is known that the complementary chain synthetic reaction involving strand displacement by DNA 
polymerase is promoted by adding a single strand binding protein (Paul M. Lizardi et al., Nature Genetics, 19, 225-232, 
July, 1 998). This action is applied to the present invention, and by adding the single strand binding protein, the effect of 
promoting the synthesis of complementary chain can be expected. For example, T4 gene 32 is effective as a single 

35 strand binding protein for Vent (exo-) DNA polymerase. 

[0070] For DNA polymerase free of 3'-5' exonuclease activity, there is a known phenomenon where the synthesis 
of complementary chain does not stop at the S'-terminal of a template, resulting in generation of a one-base protrusion. 
In the present invention, this phenomenon is not preferable because when synthesis of the complementary chain 
reaches the terminal, the sequence of the 3'-terminal leads to initiation of next synthesis of complementary chain. How- 

40 ever, because a base "A" is added at high probability to the 3'-terminal by the DNA polymerase, the sequence may be 
selected such that the synthesis from the 3'-terminal starts at "A", so that there is no problem if an additional base is 
added erroneously by dATP. Further, even if the 3'-terminal is protruded during synthesis of complementary chain, the 
3'^5' exonuclease activity can be utilized for digesting the protrusion to make it blunt-ended. For example, since natural 
Vent DNA polymerase has this activity, this enzyme may be used as a mixture with Vent (exo-) DNA polymerase in order 

45 to solve this problem. 

[0071] Various reagents necessary for the method of synthesizing or amplifying nucleic acid according to the 
present invention may be previously packaged and provided as a kit. Specifically, a kit is provided for the present inven- 
tion, comprising various kinds of oligonucleotides necessary as primers for synthesis of complementary chain and as 
outer primers for displacement, dNTP as a substrate for synthesis of complementary chain, a DNA polymerase for car- 

so rying out the strand displacement-type synthesis of complementary chain, a buffer giving suitable conditions to the 
enzyme reaction, and as necessary regents necessary for detection of synthetic reaction products. In particular, the 
addition of reagents is necessary during the reaction in a preferable mode of the present invention, and thus the rea- 
gents necessary for one reaction are supplied after pipetted into reaction vessel, whereby the reaction can be initiated 
by adding only a sample. By constituting a system in which the reaction product can be detected in situ in a reaction 

55 vessel by utilizing a luminescent signal or a fluorescent signal, it is not necessary to open and shut the vessel after reac- 
tion. This is very desirable for prevention of contamination. 

[0072] The nucleic acid having complementary nucleotide sequences alternately linked in a single-stranded chain, 
synthesized according to the present invention, has e.g. the following usefulness. The first feature is use of an advan- 
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tage resulting from the special structure having complementary sequences in one molecule. This feature can be 
expected to facilitate detection. That is, there is a known system for detecting nucleic acid wherein its signal is varied 
depending on base pairing with a complementary nucleotide sequence. For example, by combination with the method 
of utilizing a double-stranded chain-specific intercalater as a detector as described above, a detection system making 

5 full use of the characteristics of the synthetic product of the present invention can be realized. If the synthetic reaction 
product of the present invention is once heat-denatured in said detection system and returned to the original tempera- 
ture, intramolecular annealing occurs preferentially thus permitting complementary sequences to be rapidly base- 
paired. If there are unspecif ic reaction products, they have not complementary sequences in the molecule so that after 
separated by heat denaturation into 2 or more molecules, they cannot immediately be returned to the original double- 

10 stranded chain. By providing the step of heat denaturation before detection, noises accompanying the unspecific reac- 
tion can be reduced. If the DNA polymerase not resistant to heat is used, the step of heat denaturation has the meaning 
of termination of the reaction and is thus advantageous for the control of reaction temperature. 
[0073] The second feature is to always form a loop capable of base pairing. The structure of a loop capable of base 
pairing is shown in Fig. 4. As can be seen from Fig. 4, the loop is composed of the nucleotide sequence F2c (X2c) which 

15 can be annealed by the primer and a nucleotide sequence intervening between F2c-F1c (X1c). The sequence between 
F2c-F1c (or between X2c-X1c in a more universal form) is a nucleotide derived sequence derived from the template. 
Accordingly, if a probe having a complementary nucleotide sequence is hybridized with this region, template-specific 
detection is feasible. In addition, this region is always ready for base pairing, and therefore, heat denaturation prior to 
hybridization is not necessary. The nucleotide sequence constituting a loop in the amplification reaction product in the 

20 present invention may have an arbitrary length. Accordingly, if hybridization with a probe is desired, a region to be 
annealed by the primer and a region to be hybridized by the probe are arranged separately to prevent their competition, 
whereby ideal reaction conditions can be constituted. 

[0074] According to a preferable mode of the present invention, a large number of loops capable of base pairing are 
given in a single strand of nucleic acid. This means that a large number of probes can be hybridized with one molecule 

25 of nucleic acid to permit highly sensitive detection. It is thus possible to realize not only the improvement of sensitivity 
but also a method of detecting nucleic acid based on a special reaction principle such as aggregation. For example, a 
probe immobilized onto fine particles such as polystyrene latex is added to the reaction product of the present invention, 
the aggregation of latex particles is observed as the hybridization of the product with the probe proceeds. Highly sen- 
sitive and quantitative observation is feasible by optically measuring the strength of the aggregation. Because the 

30 aggregation can also be observed with the naked eyes, a reaction system not using an optical measuring device can 
also be constituted. 

[0075] Further, the reaction product of the present invention permitting many labels to be bound thereto per nucleic 
acid molecule enables chromatographic detection. In the field of immunoassay, an analytical method (immunochroma- 
tography) using a chromatographic medium utilizing a visually detectable label is used practically. This method is based 

35 on the principle that an analyte is sandwiched between an antibody immobilized on a chromatographic medium and a 
labeled antibody, and the unreacted labeled component is washed away. The reaction product of the present invention 
makes this principle applicable to analysis of nucleic acid. That is, a labeled probe toward the part of a loop is prepared 
and immobilized onto a chromatographic medium to prepare a capturing probe for trapping thereby permitting analysis 
in the chromatographic medium. As the capturing probe, a sequence complementary to the part of the loop can be uti- 

40 lized. Since the reaction product of the present invention has a large number of loops, the product binds to a large 
number of labeled probes to give a visually recognizable signal. 

[0076] The reaction product according to the present invention always giving a region as a loop capable of base 
pairing enables a wide variety of other detection systems. For example, a detection system utilizing surface plasmon 
resonance using an immobilized probe for this loop portion is feasible. Further, if a probe for the loop portion is labeled 

45 with a double-stranded chain-specific intercalater, more sensitive fluorescent analysis can be conducted. Alternatively, 
it is also possible to positively utilize the ability of the nucleic acid synthesized by the present invention to form a loop 
capable of base pairing at both the 3'- and 5'-sides. For example, one loop is designed to have a common nucleotide 
sequence between a normal type and an abnormal type, while the other loop is designed to generate a difference ther- 
ebetween. It is possible to constitute a characteristic analytic system in which the presence of a gene is confirmed by 

50 the probe for the common portion while the presence of an abnormality is confirmed in the other region. Because the 
reaction of synthesizing nucleic acid according to the present invention can also proceed isothermally, it is a very impor- 
tant advantage that real-time analysis can be effected by a general fluorescent photometer. Heretofore, the structure of 
nucleic acid to be annealed in the same chain is known. However, the nucleic acid having complementary nucleotide 
sequences linked alternately in a single-stranded chain obtained by the present invention is novel in that it contains a 

55 large number of loops capable of base pairing with other oligonucleotides. 

[0077] On the other hand, a large number of loops themselves given by the reaction product according to the 
present invention can be used as probes. For example, in a DNA chip, probes should be accumulated at high density 
in a limited area. In present technology, however, the number of oligonucleotides which can be immobilized in a certain 
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area is limited. Hence, by use of the reaction product of the present invention, a large number of probes capable of 
annealing can be immobilized at high density. That is, the reaction product according to the present invention may be 
immobilized as probes on a DNA chip. After amplification, the reaction product may be immobilized by any techniques 
known in the art, or the immobilized oligonucleotide is utilized as the oligonucleotide in the amplification reaction of the 
5 present invention, resulting in generating the immobilized reaction product. By use of the probe thus immobilized, a 
large number of sample DNAs can be hybridized in a limited area, and as a result, high signals can be expected. 

Brief Description of the Drawings 

10 [0078] 

Fig. 1 is an illustration of a part (1) to (4) of the reaction principle in a preferable mode of the present invention. 
Fig. 2 is an illustration of a part (5) to (7) of the reaction principle in a preferable mode of the present invention. 
Fig. 3 is an illustration of a part (8) to (10) of the reaction principle in a preferable mode of the present invention. 
is Fig. 4 is an illustration of the structure of a loop formed by the single-stranded nucleic acid according to the present 
invention. 

Fig. 5 is an illustration of a part (A) to (B) in a basic mode of the present invention. 
Fig. 6 is an illustration of a part (C) to (D) in a basic mode of the present invention. 

Fig. 7 is a drawing showing the positional relationship of each nucleotide sequence constituting an oligonucleotide 
20 in the target nucleotide sequence of M13mp18. 

Fig. 8 is a photograph showing the result of agarose electrophoresis of a product obtained by the method of syn- 
thesizing single-stranded nucleic acid with M13mp18 as a template according to the present invention. 

Lane 1 : XIV size marker 
25 Lane 2: 1 fmol M1 3mp1 8 dsDNA 

Lane 3: No target 

Fig. 9 is a photograph showing the result of agarose gel electrophoresis of a restriction enzyme-digested product 
obtained in Example 1 by the nucleic acid synthetic reaction according to the present invention. 

30 

Lane 1 : XIV size marker 
Lane 2: BamHI digest of the purified product 
Lane 3: Pvull digest of the purified product 
Lane 4: Hindlll digest of the purified product 

35 

Fig. 10 is a photograph showing the result of agarose gel electrophoresis of a product obtained by the method of 
synthesizing single-stranded nucleic acid according to the present invention using M13mp18 as a template in the 
presence of betaine. 0, 0.5, 1 and 2 indicate the concentration (M) of betaine added to the reaction solution. N indi- 
cates the negative control, and -21 indicates the concentration 10" 21 mol of template DNA. 
40 Fig. 1 1 is a drawing showing the positional relationship of each nucleotide sequence constituting an oligonucleotide 
in a target nucleotide sequence derived from HVB. 

Fig. 12 is a photograph showing the result of agarose gel electrophoresis of a product obtained by the method of 
synthesizing single-stranded nucleic acid according to the present invention wherein HBV-M13mp18 integrated in 
M13mp18 was used as a template. 

45 

Lane 1 : XIV size marker 

Lane 2: 1 fmol HBV-M13mp18 dsDNA 

Lane 3: No target 

so Fig. 13 is a photograph showing the result of gel electrophoresis of an alkali-denatured product obtained by the 
method of synthesizing single-stranded nucleic acid according to the present invention. 

Lane 1: Hind Ill-digested fragment from lambda-phage 
Lane 2: The reaction product in Example 1 . 
55 Lane 3: The reaction product in Example 3. 

Fig. 14 is a photograph showing the result of agarose gel electrophoresis of a product obtained by the method of 
synthesizing single-stranded nucleic acid according to the present invention wherein the concentration of 
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M13mp18 as a target was varied. The upper and lower photographs show the result of the reaction for 1 and 3 
hours respectively. 





Lane 1 : 


M13mp18dsDNA 


1x10" 


•15 


mol/tube 


5 


Lane 2: 


M13mp18dsDNA 


1x10 


■16 


mol/tube 




Lane 3: 


M13mp18dsDNA 


1x10" 


■17 


mol/tube 




Lane 4: 


M13mp18dsDNA 


1x10" 


■18 


mol/tube 




Lane 5: 


M13mp18dsDNA 


1x10- 


■19 


mol/tube 




Lane 6: 


M13mp18dsDNA 


1x10- 


20 


mol/tube 


10 


Lane 7: 


M13mp18dsDNA 


1x10 


•21 


mol/tube 




Lane 8: 


M13mp18dsDNA 


1x10" 


22 


mol/tube 




Lane 9: 


No target 
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15 Fig. 1 5 is a drawing showing the position of a mutation and the positional relationship of each region toward a target 
nucleotide sequence (target). Underlined guanine is replaced by adenine in the mutant. 

Fig. 1 6 is a photograph showing the result of agarose gel electrophoresis of a product according to the amplification 
reaction of the present invention. 



20 M: 100 bp ladder (New England Biolabs) 

N: No template (purified water) 
WT: 1 fmol wild-type template M13mp18 
MT: 1 fmol mutant template M13mp18FM 



25 Fig. 1 7 is a drawing showing the positional relationship of each nucleotide sequence constituting an oligonucleotide 
in a nucleotide sequence coding for target mRNA. 

Fig. 18 is a photograph showing the result of agarose electrophoresis of a product obtained by the method of syn- 
thesizing single-stranded nucleic acid according to the present invention using mRNA as a target. 



30 Best Mode for Carrying Out the Invention 



Example 1. Amplification of a region in M13mp18 



35 



40 



45 



50 



[0079] The method of synthesizing the nucleic acid having complementary chains alternately linked in a single- 
stranded chain according to the present invention was attempted using M1 3mp1 8 as a template. Pour kinds of primers, 
that is, M13FA, M13RA, M13F3, and M13R3, were used in the experiment. M13F3 and M13R3 were outer primers for 
displacing the first nucleic acid obtained respectively with M13FA and M13RA as the origin of synthesis. Because the 
outer primers are primers serving as the origin of synthesis of complementary chain after synthesis with M13FA (or 
M13RA), these were designed to anneal to a region contiguous to M13FA (or M13RA) by use of the phenomenon of 
contiguous stacking. Further, the concentrations of these primers were set high such that annealing of M13FA (or 
M13RA) occurred preferentially. 

[0080] The nucleotide sequence constituting each primer is as shown in the Sequence Listing. The structural char- 
acteristics of the primers are summarized below. Further, the positional relationship of each region toward the target 
nucleotide sequence (target) is shown in Fig. 7. 

Primer Region at the 5'-side/region at the 3'-side 

M13FA The same as region F1c in complementary chain synthesized by M13FA/complementary to region F2c in 
M13mp18 

M13RA The same as region R1c in complementary chain synthesized by M13RA/complementary to region R2c in 

complementary chain synthesized by M13FA 
M13F3 Complementary to F3c contiguous to the 3'-side of region F2c in M13mp18 

M13R3 Complementary to R3c contiguous to the 3'-side of region F2c in complementary chain synthesized by 
M13FA 



55 [0081] By such primers, nucleic acid wherein a region extending from F1cto R1c in M13mp18, and its complemen- 
tary nucleotide sequence, are alternately linked via a loop-forming sequence containing F2c in a single-stranded chain, 
is synthesized. The composition of a reaction solution for the method of synthesizing nucleic acid by these primers 
according to the present invention is shown below. 
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Composition of the reaction solution (in 25 julL) 
20 mM Tris-HCI pH8.8 
10mM KCI 
10mM (NH 4 ) 2 S0 4 
5 6 mM MgS0 4 

0.1 % Triton X-100 

5% dimethyl sulfoxide (DMSO) 

0. 4 mM dNTP 

10 Primers: 
[0082] 

800 nM M13FA/SEQ ID NO:1 
15 800 nM M13RA/SEQ ID NO:2 

200 nM M13F3/SEQ ID NO:3 
200 nM M13R3/SEQ ID NO:4 

Target: M1 3mp1 8 dsDNA/SEQ ID NO:5 

20 

[0083] Reaction: The above reaction solution was heated at 95 °C for 5 minutes, and the target was denatured into 
a single-stranded chain. The reaction solution was transferred to ice-cold water, and 4 U of Bst DNA polymerase (NEW 
ENGLAND Biolabs) was added thereto and the mixture was reacted at 65 °C for 1 hour. After reaction, the reaction was 
terminated at 80 °C for 10 minutes and transferred again to ice-cold water. 
25 [0084] Confirmation of the reaction: 1 julI loading buffer was added to 5 |utl of the above reaction solution, and the 
sample was electrophoresed for 1 hour at 80 mV on 2 % agarose gel (0.5 % TBE). As a molecular-weight marker, XIV 
(1 00 bp ladder, Boehringer Mannheim) was used. The gel after electrophoresis was stained with SYBR Green I (Molec- 
ular Probes, Inc.) to confirm the nucleic acid. The results are shown in Fig. 8. The respective lanes correspond to the 
following samples. 

30 

1 . XIV size marker. 

2. 1 fmolM13mp18dsDNA. 

3. No target. 

35 [0085] In lane 3, no band was confirmed except that the unreacted primers were stained. In lane 2 in the presence 
of the target, the products were confirmed as a low size band ladder, as smeared staining at high size and as a band 
hardly electrophoresed in the gel. Among the low-size bands, bands in the vicinity of 290 bp and 450 bp agree with the 
products estimated in the synthetic reaction of this invention, that is, double-stranded chains of SEQ ID NOS:1 1 and 12 
(corresponding to double-stranded chains formed as shown in Figs. 2-(7) and 2-(10)) and a single-stranded chain of 

40 SEQ ID NO:13 (corresponding to the long single-stranded chain in Fig. 3-(9)), and it was thus confirmed that the reac- 
tion proceeds as expected. It was estimated that the electrophoresis results of the smeared pattern at high size and the 
band not electrophoresed were brought about because this reaction was basically a continuous reaction to permit var- 
ying molecular weights of the reaction product and further because the product has a complicated structure having a 
partially single-stranded chain and a double-stranded complex. 

45 

Example 2. Confirmation of the reaction products by digestion with restriction enzymes 

[0086] For the purpose of clarifying the structure of the nucleic acid having complementary nucleotide sequences 
linked alternately in a single-stranded chain obtained in Example 1 according to the present invention, the digestion of 

so the products with restriction enzymes was conducted. If fragments are theoretically generated by digestion thereof with 
restriction enzymes and simultaneously the smear pattern at high size and the band not electrophoresed as observed 
in Example 1 disappear, then it can be estimated that any of these products are the nucleic acid having complementary 
sequences linked alternately in a single-stranded chain synthesized according to the present invention. 
[0087] The reaction solution (200 jllI) from 8 tubes in Example 1 was pooled and purified by treatment with phenol 

55 and precipitation with ethanol. The resulting precipitates were recovered and dissolved again in 200 julI TE buffer, and 
10 julI aliguot was digested at 37 °C for 2 hours with restriction enzymes BamHI, Pvull, and Hind I II respectively. The 
digest was electrophoresed for 1 hour at 80 mV on 2 % agarose gel (0.5 %TBE). As a molecular marker, Super Ladder- 
Low (100 bp ladder) (Gensura Laboratories, Inc.) was used. The gel after electrophoresis was stained with SYBR 
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Green I (Molecular Probes, Inc.) to confirm the nucleic acid. The results are shown in Fig. 9. The respective lanes cor- 
respond to the following samples. 

1 . XIV size marker 
5 2. BamHI digest of the purified product 

3. Pvull digest of the purified product 

4. Hindlll digest of the purified product 

[0088] It is estimated that nucleotide sequences constituting relatively short amplification products are those of 
10 SEQ ID NOS:13, 14, 15 and 16. From these nucleotide sequences, the estimated size of each fragment digested with 
the restriction enzymes is as shown in Table 1 . "L" in the table indicates that its position in electrophoresis is not estab- 
lished because L is a fragment containing a loop (single-stranded chain). 



Table 1 



Restriction enzyme-digested fragments of the amplification prod- 
ucts according to the present invention 


SEQ ID NO 


BamHI 


Pvull 


Hindlll 


13 


177 +L 


56 +L 


147 +L 


14 


15+101 +L 




142 +L 


15 


171+101 +L 


56 +L 


147+161 +L 


16 


11+101+230+L 


237 +L 


142+170 +L 


Summary 


101,177,230 


56,237 


142,147,161,170 


(11,15; not confirmed) 



30 [0089] Because almost all bands before digestion were changed into estimated bands, it was confirmed that the 
object reaction products were amplified. Further, it was also shown that there were no or less unspecif ic products. 

Example 3. Promotion of amplification reaction by addition of betaine 

35 [0090] An experiment for examining the effect of betaine (N,N,N-trimethylglycine, Sigma) added to the amplification 
reaction solution on the amplification reaction of nucleic acid was conducted. Synthesis of the nucleic acid having com- 
plementary chains alternately linked in a single-stranded chain according to the present invention was conducted using 
M13mp18 as a template similarly in Example 1 in the presence of betaine at various concentrations. The primers used 
in the experiment were identical to those used in Example 1. The amount of the template DNA was 10" 21 mol 

40 (M13mp18) and water was used as the negative control. Betaine was added at concentrations of 0, 0.5, 1 and 2 M to 
the reaction solution. The composition of the reaction solution is shown below. 

Composition of the reaction solution (in 25 julL) 
20 mM Tris-HCI pH8.8 
45 4 mM MgS0 4 
0.4 mM dNTPs 
10mM KCI 
10mM (NH 4 ) 2 S0 4 
0.1% Triton X-100 

50 

Primers: 
[0091] 

55 800 nM M13FA/SEQ ID NO:1 
800 nM M13RA/SEQ ID NO:2 
200 nM M13F3/SEQ ID NO:3 
200 nM M13R3/SEQ ID NO:4 
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Target: M13mp18 dsDNA/SEQ ID NO:5 



[0092] The polymerase, reaction conditions, and conditions for electrophoresis after the reaction were identical to 
those described in Example 1 . 

s [0093] The results are shown in Fig. 10. In the reaction in the presence of betaine at a concentration of 0.5 or 1 .0 
M, the amount of the amplification product was increased. Further, if its concentration was increased to 2.0 M, no ampli- 
fication was observed. It was thus shown that the amplification reaction was promoted in the presence of betaine at a 
suitable concentration. The estimated reason that the amount of the amplification product was decreased when the 
concentration of betaine was 2 M was that Tm was lowered too much. 

10 

Example 4. Amplification of HBV gene sequence 



15 



20 



25 



30 



[0094] The method of synthesizing nucleic acid according to the present invention was attempted wherein 
M13mp18 dsDNA having a partial sequence of HBV gene integrated therein was used as a template. Four kinds of 
primers, HB65FA (SEQ ID NO:6), HB65RA (SEQ ID NO:7), HBF3 (SEQ ID NO:8) and HBR3 (SEQ ID NO:9), were used 
in the experiment. HBF3 and HBR3 were outer primers for displacement of the first nucleic acid obtained respectively 
with HB65FA and HB65RA as the origin of synthesis. Because the outer primers are primers serving as the origin of 
synthesis of complementary chain after synthesis with HB65FA (or HB65RA), these were designed to anneal to a 
region contiguous to HB65FA (or HB65RA) by use of the phenomenon of contiguous stacking. Further, the concentra- 
tions of these primers were set high such that annealing of HB65FA (or HB65RA) occurred preferentially. The target 
sequence (430 bp) in this example, derived from HBV integrated in M13mp18, is shown in SEQ ID NO: 10. 
[0095] The nucleotide sequence constituting each primer is shown in the Sequence Listing. The structural feature 
of each primer is summarized below. Further, the positional relationship of each region toward the target nucleotide 
sequence (target) is shown in Fig. 1 1 . 

Primer Region at the 5'-side/region at the 3'-side 

HB65FA The same as region F1c in complementary chain synthesized by HB65FA/complementary to region F2c in 
HBV-M13mp18 

HB65RA The same as region R1c in complementary chain synthesized by HB65R A/complementary to region R2c in 

complementary chain synthesized by HB65FA 
HBF3 Complementary to F3c contiguous to the 3'-side of region F2c in HBV-M1 3mp18 

HBR3 Complementary to R3c contiguous to the 3'-side of region F2c in complementary chain synthesized by 
HB65FA 



35 [0096] By such primers, nucleic acid wherein a region extending from F1c to R1c in M13mp18 (HBV-M13mp18) 
having a partial sequence of HBV gene integrated therein, and its complementary nucleotide sequence, are alternately 
linked via a loop-forming sequence containing F2c in a single-stranded chain, is synthesized. The reaction was con- 
ducted under the same conditions as in Example 1 except that the primers described above were used, and the reac- 
tion solution was analyzed by agarose electrophoresis. The results are shown in Fig. 12. The respective lanes 

40 correspond to the following samples. 



1 . XIV size marker 

2. 1 fmol HBV-M13mp18dsDNA. 

3. No target 

45 

[0097] Similar to Example 1 , the products were confirmed only in the presence of the target as a low size band lad- 
der, as smeared staining at high size and as a band hardly electrophoresed in the gel (lane 2). Among the low-size 
bands, bands in the vicinity of 310 bp and 480 bp agree with the products estimated in the synthetic reaction of this 
invention, that is, double-stranded chains of SEQ ID NOS:17 and 18, and it was thus confined that the reaction pro- 
so ceeds as expected. As described in the results in Example 1 , it was estimated that the smeared pattern at high size and 
the band not electrophoresed were caused by the structure of the synthetic product characteristic of the present inven- 
tion. From this experiment, it was confirmed that the present invention can be practiced even if a different sequence (tar- 
get) is used for amplification. 



55 Example 5. Confirmation of the sizes of the synthetic reaction products 



[0098] To confirm the structure of the nucleic acid synthesized according to the present invention, its length was 
analyzed by electrophoresis under alkali-denaturing conditions. 1 jiil alkaline loading buffer was added to 5 |uil of each 
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reaction solution in the presence of the target in Example 1 or 4 and electrophoresed at 50 mA in 0.7 % agarose gel 
(50 mM NaOH, 1 mM EDTA) for 14 hours. As the molecular-weight size marker, Hindlll-digested lambda-phage frag- 
ments were used. The gel after electrophoresis was neutralized with 1 M Tris, pH 8 and stained with SYBR Green I 
(Molecular Probes, Inc.) to confirm the nucleic acid. The results are shown in Fig. 13. The respective lanes correspond 
5 to the following samples. 

1. Hindlll-digested fragments from lambda-phage. 

2. The reaction product in Example 1. 

3. The reaction product in Example 4. 

10 

[0099] When the reaction product was electrophoresed under alkali-denaturing conditions, its size in a single- 
stranded state could be confirmed. It was confirmed that the sizes of the major products in both Example 1 (lane 2) and 
Example 4 (lane 3) were within 2 kbase. Further, it was revealed that the product according to the present invention had 
been extended to have a size of at least 6 kbase or more within the range capable of confirmation by this analysis. In 

15 addition, it was confirmed again that bands not electrophoresed under non-denaturing conditions in Examples 1 and 4 
were separated in a denatured state into individual single-stranded chains of smaller size. Example 6. Confirmation of 
amplification depending on the concentration of a target in the amplification of a region in M-13mp13 
[0100] The influence of a varying concentration of a target on the method of synthesizing nucleic acid according to 
the present invention was observed. The method of synthesizing nucleic acid according to the present invention was 

20 carried out under the same conditions as in Example 1 except that the amount of M13mp18 dsDNA as the target was 
0 to 1 fmol and the reaction time was 1 hour or 3 hours. Similar to Example 1 , the sample was electrophoresed in 2 % 
agarose gel (0.5 % TBE) and stained with SYBR Green I (Molecular Probes, Inc.) to confirm the nucleic acid. As a 
molecular size marker, XIV (100 bp ladder, Boehringer Mannheim) was used. The results are shown in Fig. 14 (upper: 
1-hour reaction, below: 3-hour reaction). The respective lanes correspond to the following samples: 

25 

1. M13mp18dsDNA1x10" 15 mol/tube. 

2. M13mp18dsDNA 1x10" 16 mol/tube. 

3. M13mp18dsDNA 1x10" 17 molAube. 

4. M13mp18dsDNA1x10" 18 mol/tube. 
30 5. M13mp18dsDNA 1x10" 19 mol/tube. 

6. M13mp18dsDNA 1x10" 20 mol/tube. 

7. M13mp18dsDNA 1x10" 21 molAube. 

8. M13mp18dsDNA 1x10 -22 mol/tube. 

9. No target. 

35 10. XIV size marker. 

[0101 ] A common band among the respective lanes appears in a lower part in the electrophoretic profile and shows 
the unreacted stained primers. Regardless of the reaction time, no amplification product is observed in the absence of 
the target. A staining pattern, depending on the concentration of the target, of the amplification product was obtained 
40 only in the presence of the target. Further, the amplification product could be confirmed at lower concentration as the 
reaction time was increased. 

Example 7. Detection of a point mutation 

45 (1) Preparation of M13mp18FM (mutant) 

[0102] The target DNA used was M13mp18 (wild-type) and M13mp18FM (mutant). For the construction of the 
mutant M13mp18FM, LA PC R™ in yjtro Mutagenesis Kit (Takara Shuzo Co., Ltd.) was used to replace one nucleotide 
for mutation. Thereafter, the sequence was confirmed by sequencing. The sequence of the F1 region is shown below: 

50 

Wild-type: CCGGGGATCCTCTAGAGTCG (SEQ ID NO:1 9) 
Mutant: CCGGGGATCCTCTAGAGTCA (SEQ ID NO:20) 

(2) Design of primers 

55 

[0103] The FA primers used for the wild-type and the mutant were provided at the 5'-terminal of the F1c region 
thereof with different nucleotide sequences, respectively. The location of the mutation and the positional relationship of 
each region toward the target nucleotide sequence (target) are shown in Fig. 15. 
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(3) Amplification reaction 

[0104] An experiment was conducted to examine whether template-specific amplification reaction occurs using a 
combination of specific primers shown below by use of M13mp18 (wild-type) and M13mp18FM (mutant) as primers. 
5 Primer set for wild-type amplification: FAd4, RAd4, F3, R3 Primer set for mutant amplification: FAMd4, RAd4, F3, R3 
[0105] The nucleotide sequence of each primer is as follows: 

FAd4 : CGACTCTAGAGGATCCCCGGTTTTTGTTGTGTGGAATTGTGAGCGGAT (SEQ ID NO:21) 
FAMd4: TGACTCTAGAGGATCCCCGGTTTTTGTTGTGTGGAATTGTGAGCGGAT (SEQ ID NO:22) 
w RAd4 : CGTCGTGACTGGGAAAACCCTTTTTGTGCGGGCCTCTTCGCTATTAC (SEQ ID NO:23) 
F3: ACTTTATG CTTC CGGCTCGTA (SEQ ID NO:24) 
R3: GTTGGGAAGGGCGATCG (SEQ ID NO:25) 

(4) Detection of the point mutation in M13mp18 

15 

[0106] The composition of the reaction solution is as follows: 



20 






Final concentration 




D2W 


3.75 julL 






10X Thermo pol buffer(NEB) 


2.5 ^lL 


20 mM Tris-HCI pH 8.8 


25 






10mM KCI 






10 mM (NH 4 ) 2 S0 4 








6 mM MgS0 4 








0.1 %TritonX-100 


30 


2.5 mM dNTP 


4|liL 


400 |ulM 




100 mM MgS0 4 


0.5 |xL 






4 M Betaine 


6.25 julL 


1 M 


35 


M13FAd4 primer (10 pmol/|xL) or M13FAMd4 primer (10 pmol/|mL) 


2 julL 


800 nM 




M13RAd4 primer (10 pmol/|mL) 


2 jjlL 


800 nM 




M13F3 primer (10 pmol/jxL) 


0.5 \iL 


200 nM 




M13R3 primer (10 pmol/jmL.) 


0 .5 julL 


200 nM 


40 


Total amount 


22 julL 





[0107] 1 fmol (2 jxl) of the target M13mp18 or M13mp18FM was added to the reaction solution and heated at 95 °C 
for 5 minutes whereby the target was denatured into a single-stranded chain. The reaction solution was transferred to 
45 ice-cold water, and 1 julI (8 U) of Bst DNA polymerase (NEW ENGLAND Biolab) was added thereto and reacted for 1 
hour at 68 °C or 68.5 °C. After reaction, the reaction was terminated at 80 °C for 10 minutes, and the reaction solution 
was transferred again to ice-cold water. 

[0108] As shown in Fig. 16, when FAd4 for wild type was used as the FA primer, effective amplification was 
observed only in the presence of the wild-type template. On the other hand, when FAMd4 for mutant was used as the 
so FA primer, effective amplification was observed only in the presence of the wild-type [sic] template. 

[0109] From the results described above, it was shown that the point mutation could be detected efficiently by use 
of the amplification reaction of the present invention. 

Example 8. Amplification reaction of mRNA as a target 

55 

[0110] The method of synthesizing nucleic acid according to the present invention was attempted using mRNA as 
the target nucleic acid. To prepare the target mRNA, prostate cancer cell line LNCaP cells (ATCC No. CRL-1740) 
expressing prostate specific antigen (PSA) were mixed with chronic myeloid leukemia cell line K562 cells (ATCC No. 
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CCL-243) as non-expressing cells at 1 : 10 6 to 100 : 10 6 , followed by extraction of the total RNA by use of an RNeasy 
Mini kit from Qiagen (Germany). Four kinds of primers, that is, PSAFA, PSARA, PSAF3 and PSAR3, were used in the 
experiment. PSAF3 and PSAR3 are outer primers for displacing the first nucleic acid obtained respectively with PSAFA 
and PSARA as the origin of synthesis. Further, the concentrations of these primers were set high such that annealing 
5 of PSAFA (or PSARA) occurred preferentially. The nucleotide sequences constituting the respective primers are as fol- 
lows. 

Primer: 

10 [0111] 

PSAFA: TGTTCCTGATGCAGTGGGCAGCTTTAGTCTGCGGCGGTGTTCTG (SEQ ID NO: 26) 
PSARA: TGCTGGGTCGGCACAGCCTGAAGCTGACCTGAAATACCTGGCCTG (SEQ ID NO: 27) 
PSAF3: TGCTTGTGGCCTCTCGTG (SEQ ID NO: 28) 
15 PSAR3: GGGTGTGGGAAGCTGTG (SEQ ID NO: 29) 

[0112] The structural features of the primers are summarized below. Further, the positional relationship of each 
primer toward the DNA nucleotide sequence coding for the target mRNA and recognition sites of restriction enzyme 
Sau3AI are shown in Fig. 17. 

20 

Primer Region at the 5'-side/region at the 3'-side 

PSAFA The same as region F1 c in complementary chain synthesized by PSAFA/complementary to region F2c in the 
target nucleotide sequence 

PSARA The same as region R1c in complementary chain synthesized by PSARA/complementary to region R2c in 
25 complementary chain synthesized by PSAFA 

PSAF3 Complementary to F3c contiguous to the 3'-side of region F2c in the target nucleotide sequence 
PSAR3 Complementary to R3c contiguous to the 3' -side of region R2c in complementary chain synthesized by 
PSAFA 

30 [0113] The composition of a reaction solution for the method of synthesizing nucleic acid according to the present 
invention is as follows: 

Composition of the reaction solution (in 25 ^L) 

20 mM Tris-HCI pH 8.8 
35 4 mM MgS0 4 

0.4 mM dNTPs 

10 mM KCI 

10mM (NH 4 ) 2 S0 4 

0.1 % Triton X-100 
40 0.8 M betaine 

5 mM DTT 

1600 nM PSAFA & PSARA primer 
200 nM PSAF3 & PSAR3 primer 
8 U Bst DNA polymerase 
45 100 U Rever Tra Ace (Toyobo Co., Ltd., Japan) 
5 M,g total RNA 

[0114] All ingredients were mixed on ice. In this experiment, mRNA (single-stranded chain) is used as a target, and 
thus the step of making single-stranded chain by heat denaturation is not necessary. The reaction was conducted at 65 
so °C for 45 minutes, and the reaction was terminated at 85 °C for 5 minutes. After reaction, 5 jnl of the reaction solution 
was electrophoresed in 2 % agarose and detected by SYBR Green I. 

[011 5] The results are shown in Table 18. The respective lanes correspond to the following samples. 



55 
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Lane 


Bst 


RT 


Number of LNCaP 
cells/10 6 K562 cells 


1 




-i- 


0 


2 




+ 


10 


3 


+ 




0 


4 


+ 




10 


5 


+ 


+ 


0 


6 


+ 


+ 


1 


7 


+ 


+ 


10 


8 Sau3AI digest of 1 |utl_ aliquot of the reaction solution in lane 6 


9 Sau3AI digest of 1 jutL aliquot of the reaction solution in lane 7 


10 Size maker, 100 bp ladder (New England Biolabs) 



[0116] In the absence of either Bst DNA polymerase or Rever Tra Ace, no amplification product could be obtained 
(lanes 1 to 4). In the presence of both the enzymes, an amplification product was detected (lanes 5 to 7) if RNA derived 
from LNCaP was present. RNA extracted from one LNCaP cell/one million K562 cells could be detected (lane 6). When 
25 the amplification product was digested at the restriction enzyme site Sau3AI located in the inside of the target, the prod- 
uct was digested into a fragment of estimated size (lanes 8 and 9). 

[01 1 7] From the results described above, it was confirmed that the desired reaction product can be obtained in the 
method of synthesizing nucleic acid according to the present invention even if RNA is used as a target. 

30 Industrial Applicability 

[0118] According to the novel oligonucleotide according to the present invention and the method of synthesizing 
nucleic acid by using said oligonucleotide, there is provided a method of synthesizing nucleic acid having complemen- 
tary nucleotide sequences linked alternately in a single-stranded chain, without requiring any complicated control of 

35 temperature. A complementary chain synthesized with the oligonucleotide as a primer based on the present invention 
serves as the origin of synthesizing a new complementary chain with the 3'-terminal of said synthesized chain as a tem- 
plate. This is accompanied by formation of a loop causing annealing of a new primer, and a product of the reaction of 
synthesizing complementary chain with the previously synthesized chain as a template is displaced again by synthesis 
of complementary chain from the loop and made ready for base pairing. The thus obtained nucleic acid synthesized 

40 with itself as a template is combined with e.g. a known nucleic acid synthesizing method such as SDA, to contribute the 
improvement of efficiency of nucleic acid synthesis. 

[01 1 9] According to an additional preferred mode of the present invention, there is provided a novel method of syn- 
thesizing nucleic acid, which achieves the improvement of efficiency of the known method of synthesizing nucleic acid, 
does not require complicated control of temperature, can be expected to attain high efficiency of amplification and can 

45 achieve high specificity. That is, the oligonucleotide based on the present invention is applied to a template chain and 
its complementary chain whereby nucleic acid having complementary sequences linked alternately in a single-stranded 
chain can be successively synthesized. This reaction continues theoretically until the starting materials necessary for 
synthesis are exhausted, during which new nucleic acid initiated to be synthesized from the loop continues to be 
formed. The elongation from the oligonucleotide having annealed to the loop performs strand displacement for supply- 

so ing 3'-OH for elongation of long single-stranded nucleic acid (that is, nucleic acid having plural pairs of complementary 
chains linked therein). On the other hand, the 3'-OH of the long single-stranded chain performs the reaction of synthe- 
sizing complementary chain with itself as a template whereby its elongation is achieved, during which a new comple- 
mentary chain whose synthesis is initiated from the loop is displaced. Such an amplification reaction step proceeds 
under isothermal conditions while maintaining high specificity. 

55 [0120] The oligonucleotides in the present invention can, when two contiguous regions are arranged as designed, 
function as primers for the reaction of synthesizing nucleic acid according to the present invention. This contributes sig- 
nificantly to the preservation of specificity. By comparison with e.g. PCR where unspecif ic amplification reaction is initi- 
ated by unspecific missannealing regardless of the intended positional relationship of 2 primers, it can be easily 
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explained that high specificity can be expected in the present invention. This feature can be utilized to detect SNPs 
highly sensitively and accurately. 

[0121] The characterizing feature of the present invention lies in that such reaction can be easily achieved by a very 
simple constitution of reagents. For example, the oligonucleotide according to the present invention has a special struc- 

5 ture, but this is a matter of selection of nucleotide sequence, and it is a simple oligonucleotide as substance. Further, in 
a preferred mode, the reaction can proceed by only a DNA polymerase catalyzing the strand displacement-type reac- 
tion of synthesizing complementary chain. Further, if the present invention is carried out with RNA as a template, a DNA 
polymerase such as Bca DNA polymerase having both reverse transcriptase activity and strand displacement -type 
DNA polymerase activity is used so that all enzyme reactions can be conducted by the single enzyme. The reaction 

10 principle of realizing a high degree of nucleic acid amplification reaction by such simple enzyme reaction is not known. 
Even for the application of the present invention to a known nucleic acid synthesizing reaction such as SDA, no addi- 
tional enzyme is necessary for their combination, and such a simple combination with the oligonucleotide based on the 
present invention can be applied to various reaction systems. Accordingly, it can be said that the method of synthesizing 
nucleic acid according to the present invention is also advantageous in respect of cost. 

15 [0122] As described above, the method of synthesizing nucleic acid according to the present invention and the oli- 
gonucleotide therefor provide a new principle of simultaneously solving a plurality of difficult problems such as opera- 
tiveness (temperature control is not necessary), improvement of efficiency of synthesis, economization, and high 
specificity. 

20 Claims 

1. A method of synthesizing nucleic acid having complementary nucleotide sequences linked alternately in a single- 
stranded chain, comprising: 

25 a) the step of giving nucleic acid which is provided at the 3'-terminal thereof with a region F1 capable of anneal- 

ing to a part F1c in the same chain and which upon annealing of the region F1 to F1c, is capable of forming a 
loop containing a region F2c capable of base pairing, 

b) the step of performing synthesis of a complementary chain wherein the 3'-terminal of F1 having annealed to 
F1c serves as the origin of synthesis, 

30 c) the step of annealing, to a region F2c, of an oligonucleotide provided with the 3'-terminal thereof with F2 con- 

sisting of a sequence complementary to the region F2c, followed by synthesis, with said oligonucleotide as the 
origin of synthesis, of a complementary chain by a polymerase catalyzing the strand displacement reaction of 
synthesizing a complementary chain to displace the complementary chain synthesized in step b), and 
d) the step of annealing, to the complementary chain displaced in step c) to be ready for base pairing, of a poly- 

35 nucleotide provided at the 3'-terminal thereof with a sequence complementary to an arbitrary region in said 

chain synthesized in step c), followed by synthesis, with said 3-terminal as the origin of synthesis, of a com- 
plementary chain by a polymerase catalyzing the strand displacement reaction of synthesizing a complemen- 
tary chain to displace the complementary chain synthesized in step c). 

40 2. The method according to claim 1 , wherein in step d), the origin of synthesis is a region R1 present at the 3'-terminal 
in the same chain and capable of annealing to a region R1c, and a loop containing the region R2c capable of base 
pairing is formed by annealing R1 to R1c. 

3. An oligonucleotide composed of at least two regions X2 and X1c below, and X1c is linked to the 5'-side of X2, 
45 X2: a region having a nucleotide sequence complementary to an arbitrary region X2c in nucleic acid having a spe- 
cific nucleotide sequence, and 

X1c: a region having substantially the same nucleotide sequence as in a region X1c located at the 5'-side of the 
region X2c in nucleic acid having a specific nucleotide sequence. 

so 4. The method according to claim 1 , wherein the nucleic acid in step a) is second nucleic acid provided by the follow- 
ing steps: 

i) the step of annealing, to a region F2c in nucleic acid serving as a template, of a region F2 in the oligonucle- 
otide described in claim 3 wherein the region X2 is a region F2 and the region X1c is a region F1c, 
55 ii) the step of synthesizing first nucleic acid having a nucleotide sequence complementary to the template 

wherein F2 in the oligonucleotide serves as the origin of synthesis, 

iii) the step of rendering an arbitrary region in the first nucleic acid synthesized in step ii) ready for base pairing, 
and 
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iv) the step of annealing an oligonucleotide having a nucleotide sequence complementary to the region made 
ready for base pairing in the first nucleic acid in step iii), followed by synthesizing second nucleic acid with said 
oligonucleotide as the origin of synthesis and rendering F1 at the 3'-terminal thereof ready for base pairing. 

5. The method according to claim 4, wherein the region enabling base pairing in step iii) is R2c, and the oligonucle- 
otide in step iv) is the oligonucleotide described in claim 3 wherein the region X2c is a region R2c and the region 
X1c is a region R1c. 

6. The method according to claim 4 or 5, wherein the step of rendering base pairing ready in steps iii) and iv) is con- 
ducted by the strand displacement synthesis of complementary chain by a polymerase catalyzing the strand dis- 
placement reaction of synthesizing complementary chain wherein an outer primer annealing to the 3'-side of F2c 
in the template and an outer primer annealing to the 3'-side of the region used as the origin of synthesis in step iv) 
for the first nucleic acid serve as the origin of synthesis. 

7. The method according to claim 6, wherein the melting temperature of each oligonucleotide and its complementary 
region in the template used in the reaction is in the following relationship under the same stringency: 

(outer primer/region at the 3'-side in the template) <. (F2c/F2 and R2c/R2) <. (F1c/F1 and R1c/R1). 

8. The method according to any one of claims 4 to 7, wherein the nucleic acid serving as the template is RNA, and 
the synthesis of complementary chain in step ii) is conducted by an enzyme having a reverse transcriptase activity. 

9. A method of amplifying nucleic acid having complementary nucleotide sequences linked alternately in a single- 
stranded chain by repeatedly conducting the following steps: 

A) the step of providing a template which is provided at the 3'- and 5'-terminals thereof with a region consisting 
of a nucleotide sequence complementary to each terminal region in the same chain and which upon annealing 
of these mutually complementary nucleotide sequences, forms a loop capable of base pairing therebetween, 

B) the step of performing the synthesis of complementary chain wherein the 3'-terminal of said template 
annealed to the same chain serves as the origin of synthesis, 

C) the step of annealing, to the loop portion, of an oligonucleotide provided at the 3'-terminal thereof with a 
complementary nucleotide sequence to a loop which among said loops, is located at the 3'-terminal site, fol- 
lowed by synthesis, with the oligonucleotide as the origin of synthesis, of a complementary chain by a polymer- 
ase catalyzing the strand displacement reaction of synthesizing a complementary chain to displace the 
complementary chain synthesized in step B) to make the 3'-terminal thereof ready for base pairing, and 

D) the step wherein the chain with the 3'-terminal made ready for base pairing in step C) serves as a new tem- 
plate. 

10. The method according to claim 9, wherein the oligonucleotide in step C) is provided at the 5' -terminal thereof with 
a nucleotide sequence complementary to the 3' -terminal serving as the origin of synthesis in step B). 

1 1 . The method according to claim 1 0, further comprising the step where a complementary chain synthesized with the 
oligonucleotide in step C) as the origin of synthesis is used as a template in step A). 

12. The method according to claim 9, wherein the template in step A) is synthesized by the method described in claim 
5. 

13. The method according to claim 1 or 9, wherein the strand displacement reaction of synthesizing complementary 
chain is carried out in the presence of a melting temperature regulator. 

14. The method according to claim 13, wherein the melting temperature regulator is betaine. 

15. The method according to claim 14, wherein 0.2 to 3.0 M betaine is allowed to be present in the reaction solution. 

16. A method of detecting a target nucleotide sequence in a sample, which comprises performing an amplification 
method described in any one of claims 9 to 15 and observing whether an amplification reaction product is gener- 
ated or not. 
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17. The method according to claim 16, wherein a probe containing a nucleotide sequence complementary to the loop 
is added to the amplification reaction product and hybridization therebetween is observed. 

18. The method according to claim 17, wherein the probe is labeled on particles and aggregation reaction occurring 
5 upon hybridization is observed. 

19. The method according to claim 16, wherein an amplification method described in any one of claims 9 to 15 is con- 
ducted in the presence of a detector for nucleic acid, and whether an amplification reaction product is generated or 
not is observed on the basis of a change in the signal of the detector. 

10 

20. A method of detecting a mutation in a target nucleotide sequence by the detection method described in claim 16, 
wherein a mutation in a nucleotide sequence as the subject of amplification prevents synthesis of any one of com- 
plementary chains constituting the amplification method. 

15 21. A kit for synthesis of nucleic acid having complementary chains alternately linked in a single-stranded chain, com- 
prising the following elements: 

i) the oligonucleotide described in claim 3 wherein the region F2c in nucleic acid as a template is X2c, and F1c 
located at the 5'-side of F2c is X1c; 
20 ii) an oligonucleotide containing a nucleotide sequence complementary to an arbitrary region in a complemen- 

tary chain synthesized with the oligonucleotide in (i) as a primer; 

iii) an oligonucleotide having a nucleotide sequence complementary to a region F3c located at the 3'-side of 
the region F2c in the nucleic acid serving as a template; 

iv) a DNA polymerase catalyzing the strand displacement-type reaction of synthesizing complementary chain; 
25 and 

v) a nucleotide serving as a substrate for the element iv). 

22. The kit according to claim 21 , wherein the oligonucleotide in ii) is the oligonucleotide described in claim 3 wherein 
an arbitrary region R2c in a complementary chain synthesized with the oligonucleotide in i) as the origin of synthe- 

30 sis is X2c, and R1 c located at the 5' of R2c is X1 c. 

23. The kit according to claim 22, further comprising: 

vi) an oligonucleotide having a nucleotide sequence complementary to a region R3c located at the 3'-side of 
35 the arbitrary R2c in a complementary chain synthesized with the oligonucleotide in i) as the origin of synthesis. 

24. A kit for detection of a target nucleotide sequence, comprising a detector for detection of a product of nucleic acid 
synthetic reaction additionally in a kit described in any one of claims 21 to 23. 
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Fig. 1 
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Fig, 2 
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Fig. 3 
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Fig, 4 
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Fig. 5 
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Fig. 6 
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Fig. 7 



6001 GCGCCEAATA CX3CAAPCCGC CTCTCCOXC GOGTTGGCCG ATTCATTAAT GGfiGCTQGCA 



6061 OGfiCAGGTTT COCGPCTQGA AAGCGGGCfiG TGAGCECTAC GGAATTAATG TGPGTTAGCT 

M13F3 M13F2 



6121 CACTCATTAG- GCACOXPGG- CTTTACACTT TATGCTTCCG GCTCOTATCT TGTCTGGAAT 



6181 TGTGAGOGGA TAACAATTTC ACA^AGGAAA GAGCTATCAC CATGMT^CG AATTCGftGCT 

^ M13Flc 

6241 OGGTACOCGG QGATOCTCTA G^CGPCCT GCAG3CATGC CTGGCXCTOG 

M13RU ^ 

6301 TOTTACAACG TCGTG&CTOG GAJWAOCCTC OCX^TOAOXA ACTTAATO3C CTTGCASOC 

M13R2 M13R3 
^ ^ 

6361 ATCOCCCTTT CG0C«3CTGG CGTOATAGOS AAGA33CCCG CACCGATOSC CXTTTCCCAAZ! 

6421 A3TTGCX3CAG CX^TGAATOGC GAATGGCGCT TTGCCTGGTT TCCGGC^CCA GAA3CQGTQC 
6481 OGGAAAGCTC GCTQS^GTOC GATCTTCC1G GGTO3TCGTC CCCTCPAPC? 

6541 QGCASATCCA OGG-TTSOGA.T GCQCCCATCT PCPfOCAPCGT AAXmiTCC ATWCGOTGA 
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Fig. 9 
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Fig. 10 
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Fig. 11 



1 CTTCTTGPCA CCGCCTCTQC TCTGTATCGG Gft3QCCTTA& AGTCTCCGQV £CATTGTTCA 



61 CCTGPCCATA CPGSJCTCRG GCAAGCTATT CTGTOT«B3QG GTCBOTTAAT GAMCTCGOC 
HBF3 HB65F2 



121 GAPGTAATTT GGAfiGftXCA QCATCGPGGG AATT£GT£GT CA3TTATGTC 

^ HB65Flc 

181 SATGTTAATA TOGGCCTAftA AATCAGAC^A CTATTGTGGT TTCAGATTTC CTCXCTTACT 

HB65RU 

241 TTTGGAEGAG AARCTCTTTT GGA3TATTTG OTATCTTTTG G2GTGTGGAT TCX9C^CTCCT 



301 OCX^TTACA G?CCA3CAAA TQOCCCTATC TTATCAPCAC TTC03GAARC T^CTGTTGTT 
HB65R2 HBR3 



361 A3AD3PD3PG- GCPiGGTCCCC TSGAAGftAffi JCTOXTCQC CTQ3CPGPCG AflGoTCTCAA 
421 TCGCCGDSTC 
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23kbp 

9.4kbp 
6. 6kbp 

4.4kbp 



2. 3&2. Okbp 



0. 56kbp 



41 



EP 1 020 534 A1 



Fig. 14 
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Fig. 15 



6001 GCGCCCAATA CGCAAACCGC CTCTCCCCGC GCGTTGGCCG ATTCATTAAT GCAGCTGGCA 

6061 CGACAGGTTT CCCGACTGGA AAGCGGGCAG TGAGCGCAAC GCAATTAATG TGAGTTAGCT 

M13F3 M13F2 d4 

6121 CACTCATTAG GCACCCCAGG CTTTACACTT TATGCTTCCG GCTCGTATGT TGTGTGGAAT 



6181 TGTGAGCGGA TAACAATTTC ACACAGGAAA CAGCTATGAC CATGATTACG AATTCGAGCT 

^ M13F1cd4 

6241 CGGTACCCGG GGATCCTCTA GAGTCGACCT GCAGGCATGC AAGCTTGGCA CTGGCCGTCG 

M13R1cd4 § ^ 

6301 TTTTACAACG TCGTGACTGG GAAAACCCTG GCGTTACCCA ACTTAATCGC CTTGCAGCAC 

^ M13R2d4 ^ M13R3 

6361 ATCCCCCTTT CGCCAGCTGG CGTAATAGCG AAGAGGCCCG CACCGATCGC CCTTCCCAAC 

6421 AGTTGCGCAG CCTGAATGGC GAATGGCGCT TTGCCTGGTT TCCGGCACCA GAAGCGGTGC 

6481 CGGAAAGCTG GCTGGAGTGC GATCTTCCTG AGGCC GAT AC GGTCGTCGTC CCCTCAAACT 

6541 GGCAGATGCA CGGTTACGAT GCGCCCATCT ACACCAACGT AACCTATCCC ATTACGGTCA 
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Fig. 16 
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Fig. 17 



1 ATTCCGCCGG AGAGCTGTGT CACCATGTGG GTCCCGGTTG TCTTCCTCAC CCTGTCCGTG 



61 ACGTGGATTG GTGCTGCACC CCTCATCCTG TCTCGGATTG TGGGAGGCTG GGAGTGCGAG 

PSAF3 PSAF2 

121 AAGCATTCCC AACCCTGGCA GGTGCTTGTG GCCTCTCGTG GCAGGGCAGT CTGCGGCGGT 

► 

PSAFtc 

181 GTTCTGGTGC ACCCCCAGTG GGTCCTCACA GCTGCCCACT GCATCAGGAA CAAAAGCGTG 
► 4 ~ 

241 ATCTTGCTGG GTCGGCACAG C CTGTTTC AT CCTGAAGACA CAGGCCAGGT ATTTCAGGTC 

— ► * 

Sau3AI PSAFMc PSAR2 

301 AGCCACAGCT TCCCACACCC GCTCTACGAT ATGAGCCTCC TGAAGAATCG ATTCCTCAGG 
PSAR3 

361 CCAGGTGATG ACTCCAGCCA CGACCTCATG CTGCTCCGCC TGTCAGAGCC TGCCGAGCTC 



421 ACGGATGCTG TGAAGGTCAT GGACCTGCCC ACCCAGGAGC CAGCACTGGG GACCACCTGC 



481 TACGCCTCAG GCTGGGGCAG CATTGAACCA GAGGAGT 
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Fig. 18 
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